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1 0  INTRODUCTION 

This report presents 1988 ground-water monitoring data as required under the 

Colorado Hazardous Waste Act regulations, 6 CCR 1007-3, Subpart F, 26594 for 

RCRA interim status units at Rocky Flats Plant The referenced regulations apply to 

the interim status regulated units undergoing closure at  the Plant These units 

include the Solar Evaporation Ponds, Present Landfill, West Spray Field, and the 

Original Process Waste Line An assessment monitoring program is ongoing at the 

Solar Evaporation Ponds in accordance wlth 6 CCR 1007-3 and 40 CFR Parts 

265 93(d), and alternate monitoring programs are being conducted at  the Present 

Landfill, West Spray Field, and Original Process Waste Line pursuant to 6 CCR 1007-3 

and 40 CFR Part 26590(d) 

Revised Closure Plans for  the Solar Evaporation Ponds and Present Landfill 

were submitted to the U S Environmental Protection Agency (EPA) and the Colorado 

Department of Health (CDH) on 1 July 1988, and Revised Closure Plans for the West 

Spray Field and Original Process Waste Lines were submitted to EPA and CDH on 5 

October 1988 as part o f  the Revised RCRA Post-Closure Care Permit Application 

(US DOE, 1988) Appended to each of these revised closure plans is a hydrogeologic 

characterization report These reports present additional results of 1986, 1987, and 

1988 ground-water investigations at these four sites. Each report also contains 

recommendations for  field work to further characterize the hydrogeologic setting at 

each regulated unit. 

0 

Section E (Ground-water Monitoring and Protection) o f  the Revised Post- 

Closure Care Permit Application (U S DOE, 1988) addresses the ground-water 
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monitoring requirements of 6 CCR 1007-3, Part 265, Subpart F, for  interim status 

monitoring and 6 CCR 1007-3, Part 264, Subpart F, for the post-closure care period 

for regulated units Presented in Section E are results of  interim status monitoring at 

that time and plans for continued interim status monitoring Also presented are 

descriptions of  the uppermost aquifer and contaminant plumes based on data 

available at  that time 

, 

0 

1 1  GROUND -WATER MONITORING AT ROCK Y FLATS PLANT 

Ground-water monitoring for radionuclides and other parameters has been 

conducted at Rocky Flats Plant since the first monitoring wells were installed in 1960 

A total o f  56 wells were installed at the Plant between 1960 and 1985 These wells 

were routinely sampled for radionuclides, and beginning in 1985, they were sampled 

for other chemical parameters (volatile organics, metals, and inorganics) There are 

no well completion data for any o f  the wells installed prior to 1986 

0 I n  late 1986, Phase I of a comprehensive program o f  site characterizations, 

remedial investigations, feasibility studies, and remedial/corrective actions began at 

the Rocky Flats Plant. These investigations were pursuant to the US. Department of 

Energy (DOE) Comprehensive Environmental Assessment and Response Program 

(CEARP) and a Compliance Agreement finalized by representatives of the DOE, the 

EPA, and the CDH on 31 July 1986 CEARP IS now known as the Environmental 

Restoration (ER) Program 

Sixty-nine (69) monitoring wells were installed in 1986 to characterize the 

hydrogeology and ground-water quality of the entire Plant and to satisfy RCRA 

Subpart F requirements The work plan for  installation, sampling, and analysis of 

these wells is presented in the Geological and Hydrological Site Characterization 
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Draft Work Plan for Rocky Flats Plant (Rockwell International, 1986a). Site 

characterization and plume delineation wells were installed at the Solar Evaporation 

Ponds (assessment monitoring program), and site characterization wells were 

constructed at the West Spray Field and Present Landfill (alternate monitoring 

programs) as part of the Plant-wide characterization program 

Phase I invest;gations included 

1) detailed characterization of ground-water flow and quality in the 

vicinity of the solar evaporation ponds; 

preparation of the ground-water monitoring and protection section of 

the Rocky Flats Plant RCRA Part B permit application (Rockwell 

International, 1986b). 

preparation of closure plans for the West Spray Field, Present Landfill, 

and Solar Evaporation Ponds; and 

2) 

3) 

4) preparation o f  a RCRA Post-Closure Care Permit Application for 

regulated units undergoing closure 

An additional 67 wells were installed at Rocky Flats Plant in  1987 to 

characterize ground-water quality and flow at various Solid Waste Management Units 

(SWMUs) and at the RCRA regulated units. The designation, Solid Waste Management 

Unit, is equivalent to the term CERCLA site This equivalency applies to all SWMUS 

other than the regulated units The work plans for installation, sampling. and 

analysis of these wells are presented in the CEARP Installation Generic and Site 

Specific (Remedial Investigation) Work Plans (US DOE, 1987a and U S DOE, 1987b) 
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I 
Quarterly sampling of monitoring wells at Rocky Flats Plant is initiated 

In general, the 1986 wells were 

The 1987 wells were 

Water levels are measured 

The unconfined water table in surficial 

0 immediately upon their completion and development 

sampled once during 1986 and quarterly during 1987 and 1988 

sampled once during 1987 and quarterly during 1988 

monthly as well as a t  the time of sampling 

materials a t  Rocky Flats Plant 1s dynamic, thus, some wells are dry upon inspection 

I for quarterly sampling, and no sample is collected 

Ground-water samples are analyzed for the parameters listed in Table 1 

During 1986 ground-water samples were anaiyzed for HSL volatiles, semi-volatilcs, 
l 

and metals as well as major ions and radionuclides In 1987 and 1988 analyses were 
, 

performed by an on-site Rockwell International laboratory During the first three 

quarters of 1987, the volatile organic analyte list was reduced to the nine volatile 

compounds previously detected in ground water a t  the Plant Ground-water sample 

analytes consisted of nine volatile organic compounds, dissolved metals, major Ions, 

and dissolved radionuclides (Table 1) During the fourth quarter of 1987, the 0 
Rockwell laboratory obtained a gas chromatograph/mass spectrometer and began 

I analyzing for Hazardous Substances List (HSL) volatile organic compounds 

Again, due to the dynamic nature of the unconfined water table at  the Plant, 

there was sometimes insufficient water in wells to analyze for the entire parameter 

list Samples are collected in the following order when this situation occurs 

0 Volatile Organic Compounds, 
0 Plutonium, Uranium, and Americium; 
0 Ni trate, 
0 Metals, 
0 Other Major Ions, and 
0 Other Radionuclides 
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I Sampling and analysis records are maintained quarterly in compliance wrth 6 

CCR 1007-3 and 40 C F R  26594(b) An annual report was compiled in March, 1988, 

which described ground-water elevations, ground-water migratlon rates, and included 

the results o f  the ground-water sample analyses for 1987 (Rockwell International, 

1988) 

0 ~ 

I 

1 2  PUR POSE AND SCO PE 

This report presents interim status 1988 quarterly ground-water monitoring 

results for  the Solar Evaporation Ponds, Present Landfill, and West Spray Field in  

accordance with 6 CCR 1007-3, Part 265 94 Included are analytical ground-water 

quality data for the first through fourth quarters of  1988 (Appendices F through I) 

and an evaluation o f  these data in accordance with 6 CCR 1007-3, Part 26494(b). Of 

the radionuclide results, only tritium data are available from the laboratory for third 

and fourth quarter 1988 Also, metals analyzed by atomic absorption 

spectrophotometry were not available for fourth quarter 1988, and volatile organic 

laboratory blank data for first through fourth quarters 1988 are currently not 

available. As not all data are available for  report submission, an addendum will be 

submitted at a later date providing all the 1988 data and revised interpretation of the 

data if so warranted 

I 

Plans for  an Original Process Waste Line interim status alternate monitoring 

system are presented in Section E of the Post-Closure Care Permit Application (US 

DOE, 1988) Although these investigations have begun, there are insufficient data at  

this time for  a report submittal Therefore, the Original Process Waste Line regulated 

unit is not addressed in this report. 
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13 FROUN D-WATER OUA LITY ASSESSMEN T APPROACY I 
13 1 Intermetation o f  UDDC rmost Aauifer  

Aquifer and uppermost aquifer are specifically defined in the R C R A  

regulations An aquifer "means a geologic formation, group o f  formations, or part Of 

a formation capable o f  yielding a significant amount o f  ground water to wells or 

springs" T h e  uppermost aquifer "means the geologic formation nearest the natural 

ground surface that is an aquifer, as  well as  lower aquifers that are hydraulically 

interconnected with this aquifer within the facility's property boundary" Because 

there are many water bearing units at the Rocky Flats Plant, it is necessary that these 

definitions be interpreted for  development of practical ground-water monitoring 

systems which are in keeping with the intent of the Subpart F ground-water 

protection regulations 

e The water bearing units a t  the Rocky Flats Plant consist o f  alluvium, 

, colluvium, valley fill alluvium, and sandstones and weathered and unweathered 

claystones o f  the Laramie and Arapahoe Formations The alluvium, colluvium, and 

valley fill alluvium fit the R C R A  definition o f  the uppermost aquifer  based on their 

proximity to the ground surface and high hydraulic conductivities relative to the 

other units Conversely, the unweathered claystone is  not an aquifer  because of its 

low hydraulic conductivity (generally on the order o f  1 X lo'' to 1 X 

centimeters per second [cm/sec]) This  leaves f o r  interpretation whether sandstones 

and weathered claystones, which are  hydraulically interconnected with the alluvial 

systems, are a part of the uppermost aquifer. In  some locations weathered claystones 

and sandstones exhibit hydraulic conductivities similar to the unweathered claystone 

and therefore should not be considered a part of the uppermost aquifer  However, 
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because hydraulic conductivities for  these units vary across the Plant site, and in 

some instances these units crop out beneath the regulated units, weathered claystones '0 
l and sandstones will be considered part o f  the uppermost aquifer when 

1) 

2) they subcrop i n  saturated surficial materials that have been 

contaminated by the regulated unit, regardless o f  location wlth respect 

to the regulated unit 

they crop out beneath the regulated unit, or 

The above interpretation of the uppermost aquifer provides the basis for the 

ground-water monitoring systems described i n  this report for  detecting releases at the 

point of compliance, and plume characterization 

1 3 2  Ground -Water Oua htv Assessme n t  

For assessment and alternate ground-water monitoring programs, the Operator 

is required, at the minimum, to determine 
0 

1) whether hazardous waste or hazardous waste constituents have entered 

the ground water, 

the rate and extent of migration of the hazardous waste or hazardous 

waste constituents in the ground water; and 

2) 

3) the concentrations of the hazardous waste or hazardous waste 

constituents in the ground water (6 CCR 1007-3 265.93 (a), 40 CFR 

265 93(d)(4)) 

The 1988 results o f  this assessment are the subject of this annual report. 

Hazardous constituents are identified in Appendix IX (52 FR 25947) Because 
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inorganic hazardous constituents occur naturally in ground water, only those that are 

above apparent background levels are discussed and evaluated as potential site 

contaminants Also included is a discussion o f  listed non-Appendix IX constituents 

(Table 1, 52 FR 25944) These constituents, which are primarily malor ions, are also 

potential site contaminants Lastly, radionuclides are discussed and evaluated as 

potential site contaminants if concentrations are above apparent background levels 

The term apparent background levels is used because at the time o f  this 

evaluation a thorough characterization of  background ground-water chemistry was 

not available A plan for background characterization has been prepared (Rockwell 

International, 1989) and is currently being implemented For this evaluation, data 

from alluvial well 55-86 and bedrock well 54-86 (Plate I) have been used to establish 

the upper limit o f  the background range for inorganic constituents in alluvial and 

bedrock ground water, respectively (Appendix A) These wells are upgradient of all 

known Solid Waste Management Units (SWMUs) Data available from quarterly 

monitoring in 1987 and 1988 were used to establish the limits shown in Table 2 
, 0 

Also shown in Table 2 are proposed concentration limits for  these constituents 

Although "proposed concentration limits" is a term applicable only to permitted 

facilities, the significance, in terms of  protection o f  human health and the 

environment, o f  constituents above apparent background levels is discussed in this 

report based on these limits The basis for  these limits is discussed below 

The ground-water protection standards established in 6 CCR 1007-3 26494 (40 

CFR 26494) for hazardous constituents are based on either background levels or the 

Safe Drinking Water Act (SDWA) primary drinking water standards for  SDWA metals. 

It should be noted that background levels are only estimates and subject to change 
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once background characterization has been completed 

may be established if approved by the Regional Administrator 

Alternate concentration limits 

'0 
Concentration limits may be established for non-Appendix IX constituents 

where necessary to protect human health and the environment These are the Federal 

Register, Table 1 constituents (52 FR 25944) Concentration limits are also proposed 

for other nonhazardous constituents and radionuclides 

Since two reservoirs are located downgradient of the Plant, drinking water and 

human health standards are considered primary when setting concentration limits for 

hazardous and nonhazardous constituents The ground-water protection standard in 6 

CCR 1007-3 26494 (40 CFR 26494) is used for the SDWA metals specified (standards 

equivalent to the SDWA drinking water standards) The major ions and non- 

Appendix IX metals have concentration limits set by the Colorado Department of 

Health (CDH) as ground-water standards for the protection o f  human health, or for 

the protection of agriculture if human health standards have not been established 

For non-SDWA Appendix IX metals where no standards have been established, 

apparent background water quality for Rocky Flats Plant is used 

The limits for  radionuclides have been taken from a variety o f  sources. The 

plutonium and americium limits are the proposed drinking water standards for these 

compounds (51 FR 34859) The uranium limit 1s a CDH surface water standard (5 

CCR 1002-8, Sec. 3 8 5  (3)) The other radionuclide limits are the SDWA maximum 

contaminant levels 
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! ’. 2.0 GROUND-WATER MONITORING AT THE 
SOLAR EVAPORATION PONDS 

The Solar Evaporation Ponds are located on the northeast side of the Perimeter 

Security Zone (PSZ) at the Rocky Flats Plant (Figure 1 )  The Solar Evaporation Pond 

Waste Management Unit includes Ponds 207-A, 207-C, 207-B North, 207-B Center, 207- 

B South, and the french drain system associated with the Solar Evaporation Ponds 

The Solar Evaporation Ponds were used to store mixed wastes, therefore, they are 

regulated units 

A detailed description of the purpose, construction, and operation of the Ponds 

and the french drain system 1s presented in the Closure Plan for the Solar 

Evaporation Ponds (U S DOE, 1988) The Solar Evaporation Ponds were constructed 

primarily to store and treat (by evaporation) low level radioactive process Wastes 

containing high nitrates 207-A was placed in service in August, 1956, Ponds 207-B 

North, Center, and South were placed in service in  June, 1960, and Pond 207-C was 

placed in service in December, 1970 (US DOE, 1988) 

0 

Pond 207-A previously contained liquid with high concentrations of nitrate, 

metals, and radionuclides, which were approximately two orders o f  magnitude greater 

than those in Ponds 207-B North and Center Specifically, Pond 207-A liquid was 

characterized by high levels of aluminum, chromium, copper, iron, potassium, sodium, 

nickel, tin, plutonium, americium, uranium, tritium, and nitrates Pond 207-A liquid 

was generally more contaminated than Pond 207-C except for  plutonium and 

americium The liquid had particularly high levels o f  chromium and nickel and a 

slightly to very alkaline pH ranging from 8 3 to 11 0 Pond 207-A sludge analyses 
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showed high levels of nitrates, metals, and radionuclides similar to the pond liquids. 

In addition to the hlgh analyte concentrations found in the liquid, calcium and 

magnesium were also found in high concentrations in the sludge (US DOE, 1988). 

Pond 207-A is presently neariy empty and cleaned of sludge, i t  contains only water 

derived from incident precipitation (U S DOE, 1988) 

Ponds 207-B North, Center, and South contained process wastes until 1977 

when the ponds were cleaned and the linings replaced Since 1977 these ponds have 

held treated sanitary effluent, treated water from the reverse osmosis facility, 

backwash brine from the reverse osmosis facility, and ground water pumped back 

from the Solar Evaporation Ponds french drain system. Ponds 207-B North and 

Center have generally low concentrations of nitrates, metals, and radionuclides. 

Nitrate concentrations in these ponds averaged 380 milligrams per liter in 1984 and 

1985 Metal concentrations in the pond hquids were a t  or below drinking water 

standards during the same time period (US DOE, 1988) All 207-B ponds are 

currently used to store intercepted ground water collected by the french drain system 

north of the ponds 

Pond 207-C was constructed to provide additional storage capacity and to 

enable the transfer and storage of liquids from the other ponds while they were 

repaired Pond 207-C contaminants are approximately two orders of magnitude 

higher than those in Pond 207-B North and Center for nitrate metals, and 

radionuclides Pond 207-C liquid IS generally less contaminated than the analyzed 

liquids in Pond 207-A, except for plutonium and americium which are approximately 

ten times higher in Pond 207-C. Pond 207-C is currently used for emergency storage 

(US DOE, 1988) 
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A french drain system was constructed on the hillside north of the Solar 

Evaporation Ponds to prevent natural ground-water seepage and pond leakage from 

entering North Walnut Creek (Figure 1) This system was constructed in stages during 

the 1970s Liquid collected in the system flows by gravity to the interceptor trench 

pump house and is then pumped to Pond 207-B North (US DOE, 1988) 

The Solar Evaporation Ponds are being closed in accordance with the closure 

plan presented in the Post-Closure Care Permit Application for Rocky Flats Plant 

(U S DOE, 1988) Post-closure inspection, maintenance, and monitoring of the Solar 

Evaporation Ponds will be conducted in compliance with 6 CCR 1007-C Part 264 (40 

CFR Part 264) 

2 1  SUMM ARY OF PREVIOUS INVESTIGATIONS 

An assessment monitoring program is being implemented at  the Solar 

Evaporation Ponds in accordance with 6 CCR 1007-3 and 40 CFR Part 26593(d) A 

ground-water quality assessment plan, which included the numbers of proposed wells, 

well locations and depths, sampling and analytical plans, evaluation procedures, and a 

schedule for implementation, was submitted in the Draft Work Plan, Geological and 

Hydrological Site Characterization (Rockwell International, 1986a) The CEARP 

Phase 2 Site Specific Monitoring Plan (US DOE, 1987b) contained additional 

guidance on ground-water monitoring at the Solar Evaporation Ponds Also included 

in the CEAR'P Phase 2 Site Specific Monitoring Plan (US DOE, 1987b) were 

procedures and techniques for sample collection, sample preservation and shipment, 

analytical procedures, and custody control 
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uranium, tritium, and trace metals Volatile organic contamination is limited to the 

upgradient wells 22-86 and 56-87 indicating another source for this contamination 

Total dissolved solids (TDS), sulfate, chloride, nitrate, uranium, and volatile organics 

all occur above the proposed concentration limits within the Solar Evaporation Ponds 

Area 

~ 0 

I 

Ground water in shallow sandstones also appears to be impacted by the ponds 

There are several subcropping sandstones (Figure 1) in the area, however, the extent 

of sandstones and thus ground-water quality degradation is poorly defined at  this 

time (US DOE, 1988) The subcropping sandstone a t  well 31-86 is dry, and the near 

surface sandstone a t  well 32-86 contained concentrations of major ions, metals, and 

uranium above background concentrations The sandstone in which well 39-87 IS 

completed contains nitrate, chloride, and sulfate above background levels Ground 

water in deeper sandstones which do not subcrop within the waste management unit 

does not appear to be impacted by the ponds The extent of bedrock contamination at 

the Solar Evaporation Ponds is poorly defined at  this time Section 2 6  presents 

recommendations for further field work which will provide additional information on 

the extent of underlying Arapahoe sandstones and bedrock ground-water quality a t  

the Solar Evaporation Ponds 

0 

2 2  UPPERMOST AOU IFER 

The uppermost aquifer in the Solar Evaporation Pond Area is comprised of the 

saturated surf icial materials Rocky Flats Alluvium, disturbed ground, colluvium, 

and North Walnut Creek valley fill alluvium In addition, the uppermost aquifer 

includes weathered claystone outcroppings and those sandstones and weathered 

claystones of the Arapahoe Formation which subcrop beneath the waste management 

I 
J 
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area Any subcropping sandstone or weathered claystone that is found to be in 

contact with contaminated alluvial ground water originating from the Solar 

Evaporation Ponds will also be considered part o f  the uppermost aquifer. The 

weathered claystone and subcropping sandstones are included within the def inition of 

the uppermost aquifer because these portions of the Arapahoe Formation are in direct 

contact with saturated contaminated surficial materials and also crop out at  the 

ground surface in the Solar Evaporation Ponds Area Each sandstone subcropping is a 

part of the uppermost aquifer to such depth where the sandstone pinches out 

Weathered claystone subcrops are a part of the uppermost aquifer to the base of 

weathering Table 3 lists the base of weathering for monitor wells and boreholes 

within the waste management unit  

Specifically, subcropping Arapahoe sandstones that are part of the uppermost 

aquifer are encountered in wells 14-86, 16-86, 22-86, 31-86, 32-86, 39-87BR, and in 

boreholes SPOI-87, SPO2-87, and SPO4-87 (Figure 1) In addition, an Arapahoe 

sandstone encountered between 11 5 and 13 5 feet below ground surface (between 8 8 

and 108 feet below top o f  bedrock) in borehole SP13-87 is part of the uppermost 

aquifer Assuming a seven degree dip to the east and a continuous sandstone, i t  is 

possible that this sandstone would subcrop approximately 72 to 88 feet west of SP13- 

87 in an area within the waste management area Additional sandstones occur at  

depth in wells 23-86, 27-86, and 39-87BR, however, calculations indicate none of these 

sandstones subcrop within the waste management area. Consequently, these 

sandstones are not a part o f  the uppermost aquifer If any other santlstones which 

subcrop within the waste management area are encountered during the installation of 

the monitoring system, these sandstones will be included in the description of the 

uppermost aquifer 

0 
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Unweathered claystone is not considered a part of the uppermost aquifer 

because of  the low hydraulic conductivities calculated for  claystone in the Solar 

Evaporation Ponds Area As shown i n  Tables 4 and 5, hydraulic conductivities for 

unweathered claystone range from 1 3 4 ~ 1 0 ' ~  cm/s for well 14-86 to ~ x I O - ~  cm/s in 

wells 25-86 and 39-87BR Arapahoe sandstones which do not subcrop beneath the 

contaminated surficial materials at the waste management unit are not considered a 

part of  the overlying aquifer because of the low hydraulic conductivity of the 

claystone separating these sandstones from surf icial materials 

2 3  GROU ND-WATER FLOW DIRECT IONS 

Ground water flows toward the east and northeast in the Solar Evaporation 

Ponds Area in surficial materials and in the underlying sandstones and weathered 

claystones Alluvial ground-water flow is locally influenced by topography, the 

configuration o f  the base of weathering, and the operation o f  the ground-water 

intercept system north o f  the ponds Consistent with the regional recharging of the 

Arapahoe Formation in this locality, it  is assumed that ground water flows eastward 

within the subcropping sandstones 

0 

Figures 2 through 5 present water table maps for  first through fourth quarters 

1988, respectively, for the Solar Evaporation Ponds Area Water level data are 

presented in Appendix E During all four quarters, ground water moved east and 

north through the waste management area Areas of unsaturated or absent surficial 

materials are present to the south (wells 26-86, 38-87, and 33-86), to the east (well 29- 

861, to the northeast (well 18-86), to the northwest (wells 31-86 and 20-86), and to the 

west (well 24-86) of the ponds These unsaturated surficial materials reflect bedrock I 

I 
I 
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highs and the action o f  the ground-water intercept system located on the slope north 

o f  the ponds 

Seasonal variation o f  the water table is evident from Figures 2 through 5 The 

maximum extent of unsaturated conditions occurs in March, 1988, when several wells 

in the area are dry (24-86, 38-87, 33-86, 29-86, 18-86, and 20-86) These wells bound 

an area of saturation at the ponds, and their lack of saturation implies that ground 

water flows east and then north out of the area and into the North Walnut Creek 

drainage during periods o f  low flow During the spring runoff, recharge increases, 

and saturated conditions are more extensive in surficial materials at  the Solar 

Evaporation Ponds (Figure 3) Ground water appears to flow further to the east in 

Rocky Flats Alluvium at  this time of year as evidenced by saturated conditions in 

wells 29-86 and 18-86 The area o f  saturation decreases again during the summer and 

fall o f  1988 (Figures 4 and 5) 

2 4  GROUND -WATER C HEMISTRY 
0 

2 4 1 Alluvial Ground-water Chemistry 

The ground-water system in the vicinity o f  the Solar Evaporation Ponds 1s 

divided into five areas, grouped and described according to their relationship to 

surface water features as in  the Hydrogeologic Characterization Report (US DOE, 

1988) The ground-water data for 1988 generally corroborate the conclusions in that 

report and are described here Appendix B includes the 1988 data, and Tables 6 

through 9 present detectable concentrations of volatile organics as well as above 

background concentrations of inorganics, metals, and dissolved radionuclides, 

respectively, for alluvial ground water i n  the area during 1988 
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Metals, major ions, and uranium are the contaminants that have been released 

to ground water from the Solar Evaporation Ponds As discussed in this section, there 

is a limited extent of volatile organic ground-water contamination Furthermore, this 

Contamination presumably originates from the original solar pond or process waste 

line system TDS, nitrate, and uranium have been chosen as indicator parameters to 

graphically present the extent of the plume because o f  their mobility and presence 

significantly above proposed concentration limits 

(0 

Figures 6, 7, and 8 show TDS, nitrate, and dissolved uranium concentrations, 

respectively, in shallow ground water for first quarter 1988 at the Solar Evaporation 

Ponds Area The general pattern of high concentrations in and around well 30-86, 

with rapid decreases away from the ponds and a plume to the northeast of the ponds, 

is consistent for  all of these indicator constituents. 

adient A lluvial Ground -water Chem istre 

The upgradient wells, 22-86 and 56-87, do not contain the array of 

contaminants that is typical of the Solar Evaporation Ponds Together with soil 

analyses of associated boreholes, i t  appears that constituents from the original solar 

pond or the Original Process Waste Line system may have entered these wells (US. 

DOE, 1988) 

Several volatile organics consistently appear i n  ground water at wells 22-86 

and 56-87 In well 22-86, chloroform (CHC13), l,l,l-trichloroethane (l,l,l-TCA), 

carbon tetrachloride (CC14), and trichloroethene (TCE) occurred at concentrations 

between 100 and 1000 micrograms per liter (ug/l) during both 1987 and 1988 

However, of these organics, only CHC13 and T C E  are consistently elevated In well 

56-87, 1,l-dichloroethene (1,l-DCE), 1,l-dichloroethane (1,l-DCA), CHCl3, l , l , l -TCA,  

\ I  
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and tetrachloroethene (PCE) occurred at concentrations less than 100 ug/l during both 

1987 and 1988 T C E  occurred consistently at  concentrations greater than 100 ug/l 

This is not characteristic of contamination from the ponds as volatile organic ground- 

water contamination occurs infrequently and is not extensive downgradient of the 

Solar Evaporation Ponds 

l 

Uranium continues to be consistently present in 1988 above estimated 

background concentrations The concentration o f  dissolved uranium is less than 10 

picoCuries per liter (pCi/l) in well 22-86, which is considerably less than the proposed 

concentration limit of 40 pCi/1 Considerably higher levels o f  uranium occur in 

alluvial ground water downgradient o f  the Solar Evaporation Ponds As i n  the case 

of volatile organics, this appears to indicate a source other than the ponds for the 

uranium contamination in well 22-86. In 1987 and 1988, well 56-87 was either dry or 

contained insufficient water for  radiochemical analysis 

At least two o f  the four quarters o f  1988 data for well 22-86 show elevated 

concentrations o f  barium, calcium, iron, potassium, magnesium, manganese, sodium, 

and strontium This is typical o f  the 1987 observations Generally, concentrations are 

two to three times greater than estimated background levels. This is not 

e 

I characteristic o f  alluvial ground water downgradient o f  the Solar Evaporation Ponds 
I 

where some o f  these metals are at  considerably higher concentrations Well 56-87 was 

either dry, or insufficient water was present for  metal analysis during 1988 

Major anions and TDS were two to three times above estimated background 

levels in well 22-86 in 1988 Again, as for  the metals and radionuclides, considerably 

higher concentrations of these inorganics occur in alluvial ground water 

downgradient of the Solar Evaporation Ponds 
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0 Ground -water Oua litv South o f the Pond2 

Although well 26-86 was dry at the time of all 1988 sampling events, 1987 data 

indicate contamination by several constituents (Appendix B) The concentrations 

indicate less contamination than i n  the wells farther to the northeast Chloride, 

bicarbonate, and TDS exceeded estimated background levels, and nitrate and Sulfate 

were an order o f  magnitude above the levels- in upgradient well 22-86 The only 

volatile organic compound detected at 26-86 was TCE at 6 and 8 ug/l for first and 

second quarters 1987, respectively Uranium, sulfate, nitrate, and TDS exceeded 

proposed concentration limits The data suggest that 26-86 may derive some 

contamination from ground-water flow through part of Pond 207-A leakage, but that 

the dominant flow from the ponds is northerly and not southerly 

Ground-water Oual itv to the East and North 

0 
Wells 28-86 and 30-86 exhibit the most severe ground-water contamination in 

the Solar Evaporation Ponds Area Metals, major ions, and uranium were notably 

above estimated background levels Although well 30-86 1s completed in weathered 

claystone bedrock, it is reported wlth the alluvial well group because of its very 

shallow, unconfined status 

Inf requently occurring low concentrations o f  volatile organics in wells 30-86 

and 28-86, are attributed to laboratory contamination The 1988 analyses did not 

indicate the trace T C E  and PCE detected in samples from 1987 for  well 28-86. 

CHCl3, PCE, and toluene infrequently occurred in well 30-86 at estimated 

concentrations below detection limits during 1988. Methylene chloride occurred in 
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samples from three of the four quarters for  well 30-86; however, laboratory blank 

data were unavailable to determine if the concentrations are attributable to 

laboratory contamination. 

Results o f  metals analyses indicate that barium, calcium, potassium, 

magnesium, manganese, molybdenum, sodium, antimony, and strontium occurred 

above estimated background concentrations in both wells 28-86 and 30-86 

Concentrations of these metals are generally haher  in well 30-86 than i n  well 28-86 

Only antimony exceeds the proposed concentration limit which is the estimated 

background concentration Concentrations o f  metals are typical o f  those observed in 

1987 

As in 1987, uranium and 1988 concentrations o f  tritium far exceed the 

estimated background concentrations in both well 28-86 and 30-86. Uranium 

concentrations exceed the proposed concentration limit of 40 pCi/1. 

Major anions and TDS are all above background concentrations in 1988, and 

all were generally within the ranges o f  the 1987 data. Concentrations of these 

constituents are similar in both wells 28-86 and 30-86 Chloride, sulfate, nitrate, and 

TDS exceeded the proposed concentration limits 

I 

I Ground -water Oualitv Adlace nt  to No rth Walnut C reek 

Wells 17-86, 15-86 and 13-86 are northeast o f  the Solar Evaporation Ponds and 

are completed in North Walnut Creek valley fill alluvium. The water quality 

generally improves with increasing distance from the ponds base on both 1987 and 

1988 data The data also suggest that the contaminant plume progressed farther to 

the northeast in 1988 
~ 
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Volatile organic compounds appear to be present in ground water at well 13-86 

but not at wells 15-86 and 17-86 In 1988, methylene chloride, CHClg TCE, PCE, and 

toluene occurred inconsistently i n  either well 15-86 or 17-86, but these occurrences 

were estimated below detection limits Although the same is true for  well 13-86, TCE 

was present at 55 ug/l i n  first quarter 1988 CHC13 was present at  125 ug/l in 1987 

The absence o f  consistent detection of these compounds does not allow definitive 

conclusions to be made regarding volatile organic contamination at  well 13-86, 

however, the higher volatile organic concentrations at this well versus wells 15-86 and 

17-86 are more convincing o f  this condition Drainage from the Triangle Area 

( S W  165) adjacent to the 207-B ponds (Figure 1). is the suggested source Of this 

contamination This low priority SWMU is scheduled for investigation in 1989. 

a 

Results o f  radionuclide analyses indicate that elevated uranium concentrations 

occur in wells 17-86 and 15-86, but elevated tritium concentrations occur in well 17-86 

only Concentrations of uranium are higher in well 17-86 than 15-86 and exceed the 

proposed concentration limit This is typical o f  the 1987 data There was 

insufficient ground water i n  well 13-86 for  radiochemical analysis in 1988 

0 

Barium, calcium, potassium, magnesium, sodium, antimony, selenium, and 

strontium all occurred above estimated background concentrations in wells 17-86 and 

15-86 Of these metals, only selenium did not occur at elevated concentrations 

upgradient at wells 28-86 and 30-86 This implies that the major source of 

contamination at  this location is the Solar Evaporation Ponds. Selenium exceeds the 

proposed concentration limit o f  001 milligrams per liter (mg/l) in both wells 17-86 

and 15-86. There was insufficient ground water for  metal analyses in well 13-86 in 

1988. 
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The major anions have all increased i n  well 17-86 but less so in well 15-86 in 

comparing 1987 and 1988 data. This is particularly true for  nitrate, sulfate, and TDS 

i n  well 17-86 The proposed concentration limits for nitrate and TDS are exceeded in 

8 
I 

I both wells, and the sulfate limit IS exceeded in well 17-86 Again, there was 

insufficient sample volume from well 13-86 for these chemical analyses in 1988 

The elevated constituents at the downgradient wells generally match the list o f  

contaminants at well 30-86 The data indicate that the intervening french drain 

system has failed to collect all of the contaminated ground water during high 

precipitation events Contamination appears to be increasing at  well 17-86 and to a 

lesser extent at well 15-86 

ound -water Oualitv to the Sout heas1 

Wells 35-86 and 21-87 are located in South Walnut Creek just north Of the 

Mound Area, an area being investigated under CERCLA There is insufficient 

ground-water elevation data to establish the degree of hydraulic interconnection 

between alluvial water at the Solar Evaporation Ponds and at  this location (additional 

wells are proposed for  this purpose in Section 26). The existing data suggest that the 

intervening surf icial materials are dry However, the organics observed in well 22-86, 

and the inorganics above estimated background levels in alluvial ground water at the 

ponds are also observed a t  elevated concentrations a t  well 35-86 PCE was the only 

volatile organic compound occurring in alluvial ground water at well 21-87, and 

insufficient water was present for other inorganic analyses. Although this may 

suggest a component of ground-water flow into the South Walnut Creek drainage from 

the Solar Evaporation Ponds, the conspicuous absence o f  elevated nitrate at this 

location renders this inconclusive Also, manganese concentrations are approximately 
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4 mg/l (one to two orders of magnitude higher than at the Solar Evaporation Ponds) 

which suggests another source for this contamination, presumably the Mound Area 

Alluvial ground water at the Mound Area contains high concentrations of volatile 

organic compounds 

(b 
I 

2 4 2  Bedroc k Ground-water Chemistry 

The bedrock monitoring wells include 44-86 and 16-86 in the North Walnut 

Creek drainage, 34-86 near South Walnut Creek, 39-87 northeast of Pond 207B-north, 

and another f ive  wells distributed around the Solar Evaporation Ponds. Bedrock 

ground-water quality data are presented in Appendix B Volatile organic, inorganic, 

metal, and dissolved radionuclide concentrations above estimated background levels 

are presented in Tables 10, 11, 12, and 13, respectively. 

With the exception of methylene chloride, volatile organics occur infrequently 

0 and at concentrations estimated below detection Iirmts. The absence of laboratory 

blank data do not allow evaluation of whether the concentrations of methylene 

chloride reflect laboratory contamination. Even if some o f  the measurements 

represent actual contamination, bedrock contaminant entry via subcrops west of the 

Solar Evaporation Ponds Area is more plausible than entry via the alluvium within 

the area where volatile organics appear to be absent. 

I 

Uranium is the only radionuclide occurring above estimated background 

concentrations in bedrock ground water in 1988 I t  occurred in wells 23-86, 25-86, 22- 

87, and 39-87 in the range of three to six pCi/l. The high uranium concentrations 

Seen in ground water at the landfill suggest this may represent natural variation 8 3  

opposed to contamination 
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Except for aluminum, strontium, and occasionally molybdenum and antimony, 

trace elements in all o f  the bedrock wells were generally not above background levels. 

Those that were above background concentrations were less than two to three times 

background, and they showed no systematic distribution Strontium occurred at  

concentrations between one and three mg/l at wells 23-86, 25-86, 34-86, 16-86, and 14- 

86 

Several major ions occurred at above-background concentrations in the bedrock 

wells Sodium, calcium, chloride, sulfate, and nitrate occurred above estimated 

background levels in wells 16-86 and 14-86 and did not increase in 1988 Wells 22-87 

and 39-87 arc screened in lower deep sandstones. Virtually al l  o f  the major ions also 

occurred above background concentrations. The low nitrate concentrations in this 

area, suggest that no ground-water contamination has occurred. 

The  major ion concentrations in 16-86 and 14-86 may be due to soluble salts in 

the Arapahoe Formation rather than contamination; the placement of background 

wells in the Laramie Formation could account for the apparent elevation of Salt 

concentrations near the Solar Evaporation Ponds (US DOE, 1988) The very low 

nitrate and uranium concentrations are consistent with the assessment that bedrock 

wells are uncontaminated 

Data on subcropping sandstones are insufficient for  assessing shallow bedrock 

contamination. The Solar Evaporation Ponds Closure Plan (US. DOE, 198%) 

recommended that wells be established in the subcropping sandstone in the vicinity of 

wells 22-87 and 39-87. Until thls data and background data are available, the limt of 

the plume will remain poorly defined 
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2 5 CONTAMINANT MIGRATION RATES 

Alluvial Grou nd Wate r e 
A ground-water velocity estimate of 15 feet per year (ft/yr) was made based 

on a hydraulic conductivity of 4 8 x cm/s, an assumed effective porosity o f  0 1, 

and a hydraulic gradient of 003 feet per foot (ft/ft) for  the North Walnut Creek 

valley fill alluvium (US DOE, 1988) The estimate is conservatively based on the 

upper end o f  hydraulic conductivities measured by drawdown recovery and pump 

tests i n  1986 wells i n  surficial materials Table 5-1 and Appendix B of the 

Characterization Report (U S DOE, 1988) document the conductivities which range 

from 4 x 10-8 cm/s to 9 x 10-6 cm/s 

An alternative approach to assessing contaminant migration rates near the 

Solar Evaporation Ponds is to calculate the velocity required to reach the furthest 

well with known contamination, based on the ponds' age. Thus the presence Of 

contaminants at  well 13-86, approximately 1240 feet from the northeastern corner Of 

Pond 207-B North, suggests that the migration rate has averaged approximately 39 

ft/yr since 1956 (the date o f  Pond 207-A construction) Assuming the extent Of 

contamination in 1988 is only to the closer well, 15-86 (1100 feet), yields a migration 

rate of approximately 34 ft/yr This empirical approach to migration provides 

perhaps more accurate information on the average contaminant migration rate from 

the solar ponds 

Much of  the colluvium has been removed from the hillside north of the ponds 

facilitating overland flow of shallow ground water in the area. This overland flow 

effectively increases ground-water flow rates on the slope north of  the Solar 

Evaporation Ponds Flow rates are reduced downgradient o f  the slope and the french 
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drain system in the North Walnut Creek drainage where ground water again flows 

through the subsurface The ground-water velocity of 1 5  ft/yr is probably 

representative of flow conditions once ground water from the Solar Evaporation 

Ponds Area reaches the North Walnut Creek valley f i l l  alluvium. However, the 

hydraulic conductivity for the North Walnut Creek valley fill alluvium is low 

compared to hydraulic conductivity values for alluvium in other areas o f  the Plant 

site Additional slug testing wil l  be conducted to further define ground-water 

velocities in  this drainage 

Bedrock Ground Water 

Hydraulic conductivity measurements in bedrock sandstones, siltstones, and 

claystones range from 1 x cm/s, with a mean o f  4 x 10” cm/s for 

sandstones (US. DOE, 1988) With an assumed porosity of 0 1 and the average 

hydraulic gradient of 0 09 (ft/ft), the maximum conductivity yields a maximum 

horizontal ground-water velocity o f  5 2 ft/yr in sandstone Analogous computations 

suggest that ground-water moves 03 and 0 4  f t /yr in siltstones and claystones, 

respectively (US DOE, 1988) 

to 5 x 

2 6  C c  E ND 

2.6 1 Conc lusions 

Ground-water contamination from the Solar Evaporation Ponds is migrating 

primarily in a northeasterly direction and has reached the North Walnut Creek 

drainage Nitrate and dissolved uranium represent the most distinctive 

contamination, although most major anions exceed the proposed concentration limits 

and some metals exceed background concentrations northeast o f  the ponds. The 1988 ’ 1988 ANNUAL RCRA MONITORING REPORT 1 MARCH 1989 
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alluvial ground-water data indicate that this contamination is continuing to progress 

downgradient o f  the french drain system, thereby supporting the recommendations 

for more detailed evaluation of the frcnch drain deficiencies outlined i n  the 

Hydrogeologic Characterization Report (U S DOE, 1988) Similarly, 1988 results 

confirm previous indications that leakage from the solar ponds in non-northerly 

directions is minimal, and that some wells are influenced by remains o f  other waste 

sources 

' 0 

I 
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There are currently no definite indications o f  bedrock water quality 

degradation due to the Solar Evaporation Ponds with the exception o f  high uranium 

and salinity (especially nitrate) at well 30-86 near the waste sources 

Recommendations for further investigation of subcropping sandstones northeast of 

the ponds are presented below 

Two mid-level bedrock wells (screened in upper, but not subcropping 

sandstones), show increases in several major and trace ions in 1988. The results are 

not definite enough to imply contamination, but they do suggest the need for 

additional monitoring of sandstones 

2 6 2 Recommendatlo nS 

The current ground-water monitoring program at the Solar Evaporation Ponds 

has indicated the presence o f  HSL metals, radionuclides, and non-hazardous major 

ions above background levels in the downgradient wells Theref ore, interim status 

monitoring will continue as assessment monitoring. Recommendations for  additional 

field investigations at the Solar Evaporation Ponds are presented in the Hydrogeologic 

Characterization Report (U S. DOE, 1988), and additional interim status monitoring 

PAGE 2-19 



\ ._ 

wells are also proposed in Section E o f  the Post-Closure Care Permit Application (US. 

DOE, 1988) Further recommendations for additional assessment monitoring were also 

provided by CDH in their comments on the Solar Evaporation Ponds Closure Plan 

(US DOE, 1988) The proposed wells discussed below incorporate all 

recommendations and wells proposed to date 

0 

Quarterly monitoring of the 28 existing wells upgradient, within, and 

downgradient o f  the Solar Evaporation Ponds will continue Thirty-three additional 

wells are also proposed in and around the ponds to further define the extent Of 

saturation and contaminants in surficiai materials, weathered claystone bedrock, and 

subcropping sandstones Well locations arc shown on Figure 9, and additional well 

construction details are presented in Table 14 

Slug tests will be conducted in all newly installed wells in addition to wells 11-  

86, 12-86, 13-86, 15-86, 17-86, 22-86, 26-86, 28-86, 30-86, 35-86, 36-86, 37-86, and 56-87. 

Results of these tests will be used to re-evaluate the hydraulic conductivity values 

currently available for surficial materials in the Solar Evaporation Ponds Area 

Three additional upgradient alluvial wells are proposed for the Solar 

Evaporation Pond Area Well SEP-20 will be located east (up alluvial gradient) of 

Pond 207-C and completed in Rocky Flats Alluvium. Ground-water sampling results 

from this well will be used to clarify the extent o f  volatile organic contamination 

upgradient of the ponds Alluvial wells SEP-01 and SEP-15 will be completed in 

surficial materials upgradient of existing wells in the drainages of  South Walnut 

Creek and North Walnut Creek, respectively Well SEP-01 will help determine the 

extent of saturation south o f  the ponds in South Walnut Creek. Well SEP-15 will 
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provide ground-water quality data from the North Walnut Creek drainage upgradient 

of the french drain system. 0 
Wells SEP-02 and SEP-21 will be completed in  weathered Arapahoe Formation 

claystone and will be paired with wells SEP-01 and SEP-20, respectively These wells 

will provide ground-water quality data as well as information on the extent Of 

weathered claystone saturation upgradient of the Solar Evaporation Ponds 

ProDosed We 11s South a nd East of the Solar EvaDoration Ponds 

Nine new wells are proposed south and east o f  Ponds 207-A and 207-B South to 

better define the extent of saturation and ground-water contamination in this area 

In addition, these wells will serve to evaluate the hydraulic connection between the 

Solar Evaporation Ponds and South Walnut Creek 

Alluvial wells SEP-04, SEP-25, and SEP-06 will be located east of Pond 2 0 7 4  

South to investigate ground-water conditions in  this area. Well SEP-25 will replace 

the pre-1986 well 4-60, for which there are no well construction details Paired wlth 

these new alluvial wells and with existing alluvial well 26-86 will be new bedrock 

wells (SEP-03, SEP-05, SEP-24, and SEP-07) completed i n  weathered claystone bedrock. 

In addition, wells SEP-18 and SEP-31 will be completed in  the Arapahoe Formation 

sandstone which subcrops between Ponds 207-A and 207-B South. 

PrODOSCd Wells North of Solar E vaDoratio n Ponds 

Six new bedrock wells are proposed for the slope north of the ponds All Of 

these wells will be completed in  sandstones which subcrop within the area. Wells 

SEP-19 and SEP-30 will be completed in the subcropping sandstone south of Pond 207- 

C, and well SEP-22 will be completed i n  the subcropping sandstone east of Pond 207- 
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C. Neither of these sandstones is currently being monitored, so these wells will serve 

to evaluate bedrock ground-water quality adjacent to Pond 207-C Well SEP-17 will 

be installed east of well 31-86BR and will be completed in the same sandstone as 31- 

86BR By moving down gradient, saturated 

conditions will hopefully be encountered in the sandstone at  this location Well SEP- 

16 will be drilled into the subcropping sandstone encountered while drilling 39-87BR. 

If saturated conditions are encountered in this sandstone during drilling, well SEP- 16 

will be completed in the subcropping sandstone. If unsaturated conditions are 

encountered, well SEP-16 will be completed in the middle sandstone encountered in 

well 39-87BR Well SEP-23 will be drilled east of well 39-87BR and completed in the 

sandstone which subcrops at  39-87BR As with well SEP-17, saturated conditions are 

anticipated in the sandstone at the location of well SEP-23 downgradient of the 

sandstone subcrop. 

Well 31-86BR is dry most of the year 

Six new alluvial wells are proposed for the hillside and North Walnut Creek 

valley fill alluvium north and northeast of the Solar Evaporation Ponds for plume 

delineation. Much of the natural materials on this slope were removed during 

construction of the ponds and the french drain system. Wells SEP-26 and SEP-28 Will 

be completed in colluvial and/or artificial fill materials on the slope north of the 

ponds if sufficient thickness is present Proposed alluvial wells SEP-08, SEP-IO, and 

SEP-11 will be completed in colluvium to further define the extent of saturation and 

ground-water contamination in surf icial materials northeast of the ponds. Alluvial 

well SEP-13 will be completed in North Walnut Creek valley fill alluvium between 

existing wells 17-86 and 15-86 to evaluate the extent of ground-water contaminants in 

the valley fill alluvium 
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Bedrock wells completed in weathered claystone will be installed adjacent to 

alluvial wells northeast o f  the Solar Evaporation Ponds to determine the extent of 

saturation within weathered claystones as well as ground-water quality Well SEP-27 

will be paired with proposed alluvial well SEP-26, well SEP-29 will be paired with 

proposed alluvial well SEP-28, well SEP-I 4 will be paired with existing alluvial well 

17-86, well SEP-09 will be paired with proposed alluvial well SEP-08; and well SEP-I2 

will be paired with proposed alluvial well SEP-I 1 

0 

Two bedrock wells (SEP-32 and SEP-33) are also proposed northeast of the 

ponds to monitor sandstones which potentially subcrop beneath the ground-water 

plume from the Solar Evaporation Ponds Well SEP-32 will be installed updip and 

presumably upgradient of  existing well 16-86 and will be completed in the same 

Arapahoe sandstone unit. Well SEP-33 will be installed updip (and upgradient) of 

existing bedrock well 14-86 and will be completed in  the same unit as well 14-86 

These wells will provide additional bedrock ground-water chemistry data for 

sandstones subcropping in North Walnut Creek. 
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'0 3.0 GROUND-WATER MONITORING AT THE WEST SPRAY FIELD 

The West Spray Field is located i n  the western portion o f  the Rocky Flats 

Plant Buffer  Zone This site was identified as a regulated unit because liquids 

contaminated with listed hazardous wastes were spray irrigated at the West Spray 

Field 

The West Spray Field was in operation from April 1982 to October 1985 

During operation, excess liquids from Solar Evaporation Ponds 207-B North and 

Center were periodically pumped via pipeline to the West Spray Field for spray 

application. Based on interviews and aerial photographs, direct application Of the 

liquids occurred in portions o f  the spray field designated as Areas 1 ,  2, and 3 (Set 

Figure 14 for reference). 

The West Spray Field is no longer in operation and will be closed in 

accordance with the closure plan presented by U S  DOE (1988) Post-closure 

inspection, maintenance, and monitoring of the West Spray Field will be performed in 

accordance with 6 CCR 1007-3, Part 264 

0 

3 1  ARY O F  PRE VIOUS IN VESTIGATIONS 

An alternate monitoring program is being implemented at  the West Spray Field 

in accordance with 6 CCR 1007-3 and 40 CFR Part 26590(d). The submitted plan, 

Draft Work Plan, Geological and Hydrological Site Characterization (Rockwe11 

International, 1986a), included a plan for the installation and quarterly sampling and 

analysis of upgradient and downgradient wells. The plan also included the 
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procedures and techniques for sample collection, sample preservation and shipment, 

analytical procedures, and chain of custody control 

Five alluvial wells (45-86, 47-86, 49-86, 50-86, and 5 1-86) and three bedrock 

wells (46-86, 48-86, and 52-86) were installed a t  the West Spray Field during the fall 

and winter of 1986 Quarterly monitoring of these wells was initiated immediately 

upon their completion and development Wells 45-86, 46-86, 47-86, 49-86, 50-86, and 

51-86 were sampled once during 1986, however, wells 48-86 and 52-86 were not com- 

pleted in time for the 1986 sampling The 1986 wells were sampled quarterly during 

1987 and 1988, except well 45-86 for which first quarter 1988 data have not yet been 

received from the laboratory In addition, pre-1986 wells 8-81, 9-81, 10-81, 3-82, 5-82, 

6-82, and 7-82 were sampled quarterly during 1987 and 1988 

Water levels were measured monthly at  all wells and at  the time of sampling. 

Ground-water samples were analyzed for the parameters listed in  Table 1 The 

records of the analyses and evaluations are maintained in compliance with 6 CCR 

1007-3 and 40 CFR 26594(b) An annual report was compiled in March, 1988 which 

described ground-water elevations, ground-water migration rates, and included the 

results of the ground-water sample analyses (Rockwell International, 1988) In 

addition, ground-water sampling results for the West Spray Field are presented in  the 

West Spray Field Hydrogeologic Characterization Report (U.S DOE, 1988) 

3 1 1  ,Natu re and Exte nt of G round-water Contminat  ion 

Previous hydrogeologic investigations of the West Spray Field indicate that the 

impact of the West Spray Field operation on alluvial ground-water quality is a modest 

increase in total dissolved solids (primarily sodium and sulfate) and the occurrence Of 
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above background nitrate concentrations beneath the unit Above background conccn- 

trations o f  nitrate occur in  immediately upgradient wells 10-81 and 51-86, and in 

wells 5-82 and 49-86, which are located within the waste management unit 

, 

Bedrock ground water at the West Spray Field does not appear impacted by the 

waste management activities Above background major ion, metal, and radionuclide 

concentrations may represent natural geochemical variations in ground water because 

of  their infrequent occurrence above background levels and their near background 

concentrations 

3 2  YPPERMOST AOUIFER 

The uppermost aquifer i n  the West Spray Field is comprised o f  the saturated 

Rocky Flats Alluvium. Hydraulic conductivities for Rocky Flats Alluvium are Pre- 

sented in Table 15. Hydraulic conductivities range from 2 1 x to 5 3 x Cm/S. 

0 The Upper Laramie Formation is not included in the uppermost aquifer defini- 

tion at  the West Spray Field at this time as discussed below First, releases from the 

West Spray Field occurred at the ground surface, therefore, impacts to ground water 

beneath the spray irrigation areas should first be detected at the alluvial water table. 

Second, because o f  the large hydraulic conductivity contrast between the Rocky Flats 

Alluvium and the underlying bedrock, the alluvium IS the preferential flow path 

Average hydraulic conductivities for the Upper Laramie Formation lithologies art' 4 

x cm/s for claystone (Tables 16 and 17), 16  x 10' ' cm/s for  siltstone, and 6 X 

cm/s for sandstone If i t  is determined that the contamination within the Rocky 

Flats Alluvium extends to bedrock, weathered claystone and any subcropping Upper 

Laramie sandstone encountered in the area o f  contamination will be considered part 
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I o f  the uppermost aquifer, and the extent of the contamination within the sandstone /--, 

I 
will be investigated 

under this condition 

Weathered claystone ground-water quality will also be monitored 

3 3  GROUND-WATER FLOW DIRECTIONS 

In the West Spray Field Area, ground water enters from the west and generally 

flows east-northeastwardly following the base of the Rocky Flats Alluvium. In the 

southern portion o f  the area, ground water flows southeastward toward the Woman 

Creek drainage North o f  the West Spray Field, ground water flows northeast toward 

the Rock Creek drainage 

Figures 10 through 13 present water table maps constructed for February, 

June, August, and November, 1988, respcctiveiy Water level data are presented in  

Appendix E. When the water table is relatively high (February and June, 1988, 

Figures 10 and I l ) ,  ground-water flow is more easterly than in periods when the 

water table is lower (August and November, 1988, Figures 12 and 13) 
0 

Water table elevations in  monitor well 45-86 indicate that the water table is 

being recharged by surface water from Walnut Creek during spring and early 

summer. Walnut Creek is not incised in  the Rocky Flats Alluvium but flows across its 

surface through the West Spray Field Thus, during the wetter spring and early 

summer months, a ground-water mound occurs along the alignment of  Walnut Creek 

(Figures 10 and 1 1 )  This mound is not present in the water table during the drier 

months of August and November when there is no surface water flow in Walnut 

Creek (Figures 12 and 13) 
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The water level elevation of  the raw water supply pond located south of mml- 

tor well 49-86 was not used in the construction of the water table maps This pond is 

lined and consequently not hydraulically connected with the ground-water system i n  

the Rocky Flats Alluvium 

0 

3 4 %%ST SPRAY FIELD GROUND-WATER CHEMISTRY 

In general, 1988 data support the conclusions in Section E o f  the revised Post 

Closure Care Permit Application, (US DOE, 1988) i e ,  there is apparent nitrate con- 

tamination in alluvial ground water beneath the unit, and possibly a more wide- 

spread occurrence o f  modest increases in TDS, primarily due to sodium and sulfate, 

and to a lesser extent chloride Tables 18, 19, 20, and 21 show the detected 

concentrations o f  volatile organics, and above background inorganic concentrations, 

dissolved metal concentrations, and dissolved radionuclides, respectively, for alluvial 

ground water at the West Spray Field The tables are based on available data from 

first through fourth quarters 1988 (Appendix C) Figure 14 presents nitrate 

concentrations i n  alluvial ground water for second quarter 1988 

0 

3 4 1 Alluvial Ground-Water Oualitv at the Umradient Wells 

Alluvial wells 10-81, 51-86, and well 7-82 (7-82 had only had sufficient water 

to collect samples for volatile organics in  1988, and has otherwise been dry) appear to 

be upgradient from the West Spray Field based on surface topography and ground- 

water elevations (Figures 10 through 13) This may not have always been the case as 

evidenced by the elevated nitrate in  wells 10-81 and 51-86 (Figure 14) Dewatering of 

the gravel/clay pits just west o f  the site may reverse the gradient i n  this area, and/or 
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artificial recharge from the West Spray Field produced a ground-water mound which 

may have temporarily changed the hydraulic gradient toward these alluvial wells 0 
There is no significant change with regard to inorganic chemistry of alluvial 

ground water upgradient of the West Spray Field over the past two years Nitrate 

concentrations have been approximately 6 mg/l in well 10-81 throughout 1987 and 

1988, and between 4 and 5 mg/l over this time period at  well 51-86 Of the other 

major ions, only sulfate is somewhat elevated above estimated background levels 

upgradient of the West Spray Field (well 51-86) and shows an apparent decreasing 

trend in 1988 Metals have been at  or near estimated background levels in these wells 

Radionuclides are not above background levels 

Methylene chloride was detected a t  25 ug/l and 23 ug/l in wells 10-81 and 7- 

82, respectively, during the second quarter of 1988 However, historical data and 

subsequent data do not support volatile organic contamination of alluvial ground 

water at the West Spray Field @ 

3 4 2 Alluvial Ground-Water Oualltv wlthin the West SD rav Field 

Alluvial wells 5-82, 6-82, 49-86 and 50-86 all are within the West Spray Field 

The ground-water quality data from these wells support the conclusion that nitrate, 

and to a lesser extent sodium and sulfate, appear to be indicators of contamination 

from the West Spray Field operation 

Data from wells 5-82 and 49-86 show the historical presence of elevated nitrate 

concentrations In 1987, nitrate concentrations in well 5-82 were generally about 3 

mg/l but the concentration has decreased to a t  or near background levels in 1988 

The nitrate concentration a t  well 49-86 has been Just above and below the proposed 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 
PAGE 3-6 



, concentration limit of 10 mg/l throughout 1987 and into 1988 Nitrate is a t  

background levels in wells 6-82 and 50-86 It is hypothesized that well 50-86 is not 

within the main flow path of nitrate contaminated water, and that ground water a t  

wells 5-82 and  49-86 was more severely impacted because of their spatial relation to 

Area 2, a historically high application area in the West Spray Field (Figure 14) The 

lack of nitrate in ground water a t  well 6-82 is not understood a t  this time Sodium, 

sulfate, and thus TDS also continue to be somewhat elevated above estimated 

background concentrations a t  these wells which may imply an impact of the West 

Spray Field operation from infiltration or soil leaching of these constituents 

0 

Metals analyses indicate that barium and to a lesser extent iron, manganese, 

and strontium historically have been above estimated background levels on a regular 

basis This continues to be true during 1988, although manganese was a t  background 

levels during this time Similar to sodium and sulfate, this may suggest an impact of 

the West Spray Field operation from infiltration of spray irrigated water or leaching 

of these constituents from soils 0 

Results of radionuclide analyses indicate that only uranium is a possibk 

contaminant of ground water at  the West Spray Field Of the wells within the unit, 

only well 50-86 had detectable concentrations during 1988 (total uranium = 0 4  pCi/1, 

second quarter) Historical data for well 6-82 has shown uranium concentrations 

above background levels that cannot be attributed to "outliers" The sporadic occur- 

rence of uranium spatially or temporally in alluvial ground water does not support a 

definitive conclusion of uranium contamination in this area I t  is further noted that 

uranium is not significantly elevated in soils of the West Spray Field, and it should 

have been effectively removed through adsorption to the soils if present in the appli- 

cation liquids during the West Spray Field operation (US DOE, 1988) 
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0 3 4 3 Alluvial Ground-Water Oualitv Side G radien t and North of the West Smav 
Field 

Well 47-86 is the only well i n  the sub-group Contamination has not been and 

is currently not evident 

3 4 4 Alluvial Ground-Water Oualitv Downaradient and Adiacent to North Walnut 
Creek 

Wells 8-81, 9-81, 45-86, and 3-82 are the wells downgradient of the West Spray 

Field i n  the vicinity of North Walnut Creek (Plate I) There are no well construction 

details for the pre-1986 wells 8-81, 9-81, and 3-82 However, based on their total 

depths (less than 35 feet), wells 9-81 and 3-82 are completed in  Rocky Flats Alluvium 

Well 8-81 is approximately 101 feet deep, and is likely completed in  both Rocky Flats 

Alluvium and Upper Laramie bedrock 

Major ions, strontium, and uranium appear elevated at wells 8-81 and 9-81 

With the exception of elevated aluminum and iron at well 45-86, alluvial ground- 

water quality is at background levels at this location With the exception of elevated 

potassium, and occasional elevated concentrations of  nitrate (3 91 mg/l, first quarter 

1988) and uranium (12 7 pCi/1, first quarter 1988), alluvial ground-water quality is at 

background levels at well 3-82 

Ground water at wells 8-81 and 9-81 has historically shown similar Inorganic 

chemistry with consistently elevated calcium, sodium, potassium, and TDS Differ- 

ences include elevated magnesium only in  well 8-81, and elevated chloride and sulfate 

only i n  well 9-81 These findings continue to be true during 1988 
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Of the metals, historically only strontium has been somewhat consistently ele- 

This continues to be true i n  1988 vated i n  wells 8-81 and 9-81 

Total uranium was elevated i n  wells 8-81 (5 to 6 pCi/l, first and second quar- 

ters), 9-81 (1 3 pCi/l, second quarter), and 3-82 (12 7 pCi/l, first quarter) i n  1988 The 

historical occurrence o f  elevated uranium at 9-81 and nitrate at 3-82 may be indica- 

tive of contamination from the West Spray Field, however, the presence of elevated 

nitrate levels at 3-82 (farther downgradient) and not at 9-81, and the sporadic occur- 

I rence of elevated uranium upgradient within the West Spray Field makes this incon- 

clusive 

should not have migrated this distance from the West Spray Field (Section 3 5) 

Furthermore, calculated contaminant migration rates suggest contaminants 

3 4 5 Alluvial Ground-Water Oualitv Downaradicnt and alona Woman Creek 

Well 56-86 is completed in  Woman Creek valley fill alluvium downgradient Of 

the West Spray Field During 1987 and 1988 the following general statements can be 

made with regard to ground-water quality at this location Barium and strontium 

appeared slightly elevated on several occasions and other metals less frequently 

There has been no consistent detection of radionuclide concentrations above 

background levels (none in 1988) The major ions that are consistently elevated i n  

this well are magnesium, sodium, and bicarbonate, with TDS consistently above the 

estimated background level Chloride values have been observed above background 

concentrations on several occasions in the past as well as during 1988 It is noted that 

no constituent is dramatically above background levels which may imply these levds 

represent natural geochemical variability 
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3 5  CON TAMINANT MIGRA TION RATES 

Hydraulic conductivity values for the Rocky Flats Alluvlum at  the West Spray 

Field range from 2 1x1U5 cm/s ( 3 5  ft/yr) to 53x10 -4 cm/s (878  ft/yr) based on 

drawdown-recovery and slug tests performed on 1986 wells (US DOE, 1988) Results 

of these tests are summarized in Table 15 Using a horizontal hydraulic gradient of 

0016 f t / f t ,  measured from the June 1988 water level map, and an assumed effective 

porosity of 0 1, ground-water flow velocities at the West Spray Field range from 3 5 

ft/yr to 8 7 8  f t /yr 

Operations at the West Spray Field began in April, 1982 (US DOE, 1988) 

Thus, a maximum o f  six years is the time frame for migration o f  nitrate in ground 

water from the spray irrigation areas Based on ground-water Sampling results, 

nitrate contamination in alluvial ground water is restricted to well 49-86 Spray Area 

2 is the assumed source of this contamination (Figure 14) Using the maximum 

ground-water flow velocity of 8 7 8  ft/yr for SIX years, the nitrate plume has traveled 

a maximum o f  527 feet from Area 2 These calculations, as well as ground-water 

sampling results, indicate that the nitrate plume from Area 2 is contained within the 

West Spray Field Waste Management Area (Figure 14) 

Area 3 is farthest downgradient spray irrigation area within the West Spray 

Field Assuming spray irrigated water has been flowing away from Area 3 at the 

maximum calculated velocity for six years, i t  would not yet have reached wells 8-81 

and 9-81 which are approximately 800 feet northeast of  Area 3 
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0 3 6  CONC LUSIONS AND RECOMMENDATIONS 

I 3 6 1  Conc lusions 

Results of hydrogeologic investigations a t  the West Spray Field suggest that 

spray application of liquids from the Solar Evaporation Ponds 207-B North and 

Center may have resulted in elevated levels of nitrate in  the alluvial ground water 

Sulfate and sodium ions were also somewhat elevated above background 

concentrations TDS showed generally higher values than background levels in the 

potentially impacted areas Only nitrate occurs a t  concentrations above the proposed 

concentration limit, but this appears to be confined to within the waste management 

area 

Alluvial ground-water flow in the West Spray Field Area reflects regional and 

I local topography Ground water enters the West Spray Field Area from the west and 

generally flows east-northeastward following the base of surficial materials Ground- 

water flow is more eastward within the West Spray Field during the spring and early 

summer months when Walnut Creek recharges the flow system 

I 
0 

I 

I 

3 6 2 Recommendations 

Current ground-water monitoring data indicate the presence of nitrate above 

background concentrations in alluvial ground water beneath the West Spray Field 

Therefore, interim status monitoring will contlnue as alternate monitoring AS out- 

lined in Section E of the Post-Closure Care Permit Application (US DOE, 19881, 

additional alluvial monitoring wells will be installed a t  the West Spray Field to define 

the extent of nitrate contamination 
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Eight new alluvial wells will be installed in and around the waste management 

unit (Figure 15 and Table 22) Six of these wells (SF-I, SF-2, SF-3, SF-4, SF-5, and 

SF-6) will be completed at the downgradient edges of  the spray field to monitor 

ground-water quality leaving the unit Wells SF-7 and SF-8 will be installed near the 

west central portion of the waste management unit to evaluate water quality within 

the unit The wells will be completed i n  the upper 15 feet of saturated Rocky Flats 

Alluvium, where a release from the West Spray Field would be first detected and will 

be constructed according to the procedures described in Section E of the Revised Post 

Closure Care Permlt Application (US DOE, 1988) 

0 
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4 0 GROUND-WATER MONITORING AT THE PRESENT LANDFILL 

The Present Landfill is located on the western end o f  an unnamed tributary to 

North Walnut Creek The landfill was placed i n  operation on August 14, 1968, after a 

study determined that a landfill operation would be the most efficient and 

economical means to dispose of the Plant's solid waste A number of available sites 

within the Plant boundaries were evaluated, and the site at the west end of the North 

Walnut Creek unnamed tributary was selected The drainage was filled with five feet 

of soil borrowed from on-site Aerial photographs from August, 1969, show that 

landfill operations had commenced by that time 

Currently, the landfill is accepting nonhazardous solid waste at a rate of 

approximately 115 cubic yards per workday Records indicate some hazardous waste 

was disposed at the landfill, rendering it a RCRA-regulated unit However, 

hazardous constituent dlsposal in the landfill was eliminated in  November 1986 

Solid wastes will no longer be accepted at the landfill after  June 1, 1989 As of July 

1988, the landfill covered approximately 765,000 square feet o f  land In order to 

reduce wind dispersion and infiltration, approximately three feet o f  compacted soil 

has been placed on top of the waste in  areas where disposal is no longer occurring 

0 

Sometime after the Present Landfill went into operation in 1968, excess water 

from the landfill pond was pumped atop a ridge south o f  the pond. The sprayed 

water collected on the roadway and flowed into North Walnut Creek. The spraying 

was moved north of the landfill pond adjacent to the irrigation ditch (SWMU 167 1 ,  

Figure 16) when this was discovered The spray water then collected in local 

drainage channels and flowed around the landfill pond to the main drainage The 
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spraying was again moved 

landfill pond adjacent to the pond 

The final location was south o f  the west end of the 

The excess spray water flowed back into the 
I 

I landfill pond 

The landfill will be closed in accordance with the closure plan presented in the 

Post-Closure Care Permit Application for Rocky Flats Plant (US DOE, 1988) Post- 

closure inspection, maintenance, and monitoring of the Present Landfill will be 

performed i n  accordance with 6 CCR 1007-3 Part 264 (40 C F R  Part 264) 

4 1  s u m  ARY OF PREVIOUS INVESTIGATIONS 

Pursuant to 6 CCR 1007-3 and 40 C F R  26590(d), a specific plan for the 

installation, maintenance, and operation of  the alternate ground-water monitoring 

system at the Present Landfill was submitted to CDH and EPA The submitted plan, 

Comprehensive Environmental Assessment and Response Program (CEARP) Phase 2 

Site Specific Monitoring Plan (US DOE, 1987), included a plan for the installation 

and quarterly sampling, and analysis of  upgradient and downgradient wells The plan 

also included the procedures and techniques for sample collection, sample preservation 

and shipment, analytical procedures, and chain o f  custody control 

Two alluvial wells (7-86 and 10-86) and two bedrock wells (8-86 and 9-86) were 

installed at the Present Landf ill as part o f  Plant-wide hydrogeologic site 

investigations in 1986 Three additional wells (alluvial wells 40-87 and 42-87 and 

bedrock well 41-87BR) were installed in and around the landfill in 1987 according to 

the CEARP Phase 2 Site Specific Monitoring Plan Alluvial wells 58-87, 59-87, 60-87, 

61-87, 62-87, 63-87, 64-87, 65-87, 66-87, 67-87, 68-87, 60-87, and 72-87 were completed 

I 
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in and around the landfill to evaluate the performance of the ground-water intercept 

' -_ m system and the slurry wall (Figure 16) 

Quarterly monitoring of wells a t  the landfill was initiated immediately upon 

their completion and development The 1986 wells were sampled once during 1986 

and quarterly during 1987 and 1988 The 1987 wells were sampled once during 1987 

and quarterly during 1988 Ground-water samples are  analyzed for the parameters 

listed in Table 1 as discussed in Section 1 1  Water levels are measured monthly as 

well as at  the time of sampling 

4 1 1 Nature and Extent of Ground-water Contamination 

Results of hydrogeologic investigations of the Present Landfill suggest that the 

ground-water intercept system may not completely isolate the landfill from the 

surrounding ground-water Based upon an  examination of alluvial water quality data I 

0 from wells within and surrounding the landfill it  appeared the landfill contributes 

calcium, bicarbonate, and to a lesser extent sodium, sulfate, iron, manganese, and 

strontium to the ground water Ground water to the north of the north slurry wall 

had similar concentrations of these analytes, which may be due to the historical spray 

irrigation operation, north and upgradient of this location With respect to the public 

health significance of the water quality directly downgradient of the landfill (well 

42-87), only iron and manganese exceeded the proposed concentration limits 

However, manganese also exceeds the limit (maximum concentration of 0 63 mg/l) in 

upgradient ground water, and it was not elevated downgradient with respect to 

upgradient conditions High salt concentrations further down the drainage (wells 6-86 

and 5-86) appear to result from another yet unidentified and presumably natural 

source 
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Bedrock ground-water quality appears to be largely influenced largely by 

High salt concentrations mineral dissolution within the sandstones and claystone 

observed in bedrock wells are not seen in alluvial ground water within the landfill 

4 2  UPPERMOST AOUIFER 

The uppermost aquifer in the Present Landfill Area is comprised of the 

saturated surficial materials Rocky Flats Alluvium and dlsturbed ground occur 

upgradient of and within the landfill, colluvium and North Walnut Creek valley fill 

alluvium are  present downgradient of the Present Landfill 

uppermost aquifer includes weathered claystones of the 

ich crop out or subcrop beneath the surficial materials within 

the- management area At present, there a re  limited data on the extent Of 

saturation and  hydraulic conductivity of weathered clayqtones a t  the Present Landf 111 

However, weathered claystone is included within the definition of the uppermost 

aquifer because these portions of the Arapahoe Formation are more permeable than 

\ -’ 

0 

unweathered bedrock, and they are in direct contact with the saturated surficial 

materials within the waste management unit The depth of weathering varies within 

the claystone subcropping under this waste management area Table 23 lists the depth 

of weathering for monitoring wells within the waste management unit 

Arapahoe sandstones which potentially crop out or subcrop beneath saturated 

surficial materials within the waste management unit of the Present Landfill have 

been encountered in wells 65-87, 8-86, 41-87, 64-87BR, and 70-87 (Figure 16) These 

sandstones are  also included as part of the uppermost aquifer Each subcropping 

Arapahoe sandstone which is included in the uppermost aquifer based on the above 
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criteria will be considered part of the uppermost aquifer to such depth where the 

sandstone pinches out. 

Unweathered claystone is not considered a part o f  the uppermost aquifer 

because of  its low hydraulic conductivity Arapahoe sandstones which do not subcrop 

beneath the surficial materials of the waste management unit are not considered a 

part o f  the overlying aquifer because o f  the low hydraulic conductivity claystone 

separating these sandstones from surficial materials 

Hydraulic conductivity data for the Present Landf ill area are listed in  Tables 

24, 25, and 26 

cm/s for drawdown/recovery tests to 4 6  x These values are 

two to three orders o f  magnitude in excess o f  the geometric mean for the 

unweathered claystone o f  the Arapahoe Formation at the Present Landfill, 6 2  X 

IO” cm/s Although Arapahoe sandstones exhibit conductivities similar to the 

unweathered claystone, they will  be included i n  the definition of the uppermost 

aquifer if they subcrop within the waste management unit 

The geometric mean for Rocky Flats Alluvium varies from 1 8  x 

cm/s for slug tests 

4 3  GROUND-WATER FLOW DIRECTIONS 

In order to control ground-water flow around the landfill, a two-part leachate 

and ground-water collection system was constructed i n  1974 (Figure 16) This system 

was designed to collect and divert ground water around the outside o f  the landfill 

and to collect leachate generated in the landfill The ground-water collection portion 

of the system is located on the exterior of the excavation and is separated from the 

leachate collection portion o f  the system by a 4 5-foot wide zone o f  clayey soil 
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I Field reconnaissance and a review of the borehole logs, topographic maps, and 

previous reports have shown that the landfill wastes bury the leachate collection 

system and extend beyond the system Therefore, leachate generated outside the 

landfill trench would be collected by the ground-water diversion system In addition, 

the clay cutoff wall no longer extends to the surface o f  the landfill, this would allow 

ground water to flow across the clay cutoff wall if the water table elevation 

I 

0 

increases 

Along the eastern end of the landfill, slurry trenches have been emplaced 

(Figure 16) These trenches may also be influencing ground-water flow, future 

pumping tests are planned to evaluate the effectiveness o f  the slurry trenches as 

hydraulic barriers 

The following conclusions regarding the effectiveness o f  the leachate/ground- 

water intercept system have been made based on water level and ground-water quality 

data (US DOE, 1988) 

1) The ground-water intercept system is diverting ground water away from 
the west end o f  the landfill 

2) The ground-water intercept system is not diverting ground water away 
from the north and south sides o f  the landfill 

3) The clay barrier is holding ground water i n  the landfill along the west 
and north sides 

4) The clay barrier is ineffective on the south side of  the landfill and IS 
allowing contaminated ground water to leave the landfill at times 

5) The leachate collection system appears to function intermittently on the 
north side of  the landfill 

In general, ground water flows eastwardly i n  surficial materials toward the 

This general pattern o f  ground-water flow is evidenced by the water landfill pond 

ROCKY FLATS PLANT, GOLDEN, COLORADO 
1 MARCH 1989 

PAGE 4-6 



table maps constructed for February, June, August, and November, 1988 (Figures 17 

through 20, respectively) 

Of the four  months evaluated, November, 1988 appears to be the driest month 

(Figure 20) This is illustrated by four dry wells (7-86, 72-87, 40-87, and 42-87) and 

relatively lower water table elevations In contrast, June 1988 appears to be the 

wettest month, with comparatively higher water table elevations and no dry wells 

(Figure 18) 

4 4  GROUN D-WATER CHEMISTRY A T  THE LANDFILL 

4 4 1 Alluvial Ground-water Oua litv 

Tables 27, 28, 29, and 30 (summarized from ground-water quality data 

presented in Appendix D) show that alluvial ground water a t  the landfill appears to 

have elevated concentrations of barium, calcium, iron potassium, magnesium, 

manganese, sodium, strontium, zinc, bicarbonate, sulfate, nitrate, TDS, and uranium 

However, well 10-86 is an upgradient alluvial well where ground water also has 

elevated levels of several of these constituents This, in itself, suggests that 

background concentrations may be more variable than depicted for well 55-86 south 

and upgradient of the West Spray Field Constituents elevated in ground water 

downgradient of the landfill that are not elevated in the immediate upgradient well 

include calcium, iron, potassium, magnesium, manganese (occasionally elevated in 

upgradient well), sodium, strontium, zinc, bicarbonate, and TDS Typical of most 

sanitary landfills, the Present Landfill is observed to impact ground water quality 

through increased major ion, iron, manganese, and zinc concentrations Strontium 

concentrations are also elevated Manganese is the only constituent that is ubiquitous 

0 
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and that consistently exceeds the proposed concentration limit, however, i t  

historically has been and still exceeds the limit in ground water a t  the upgradient 

well 10-86 As shown in Figures 21, 22, 23, 24, 25, and 26, landfill contaminants 

migrate with the flow directly toward the landfill pond and along the leachate 

collection systems toward the landfill pond 

0 

Volatile organic contamination is of little significance Only sporadic and low 

concentrations of methylene chloride, acetone, 1 ,I-DCA, CHC13, CC14, TCE, PCE, and 

toluene were present in samples during 1988 Carbon tetrachloride was not Present 

in samples from 1987 Methylene chloride , chloroform and toluene were present in  

the upgradient well, 10-86 This suggest these contaminant concentrations may be due 

to laboratory artifact, however, an evaluation of laboratory blank data is needed to 

verify this assertion 

4 4 2 Downnradlent Alluvlal Ground-Water Oualitv 
0 

Wells 7-86, 40-87, 42-87, 6-86, and 5-86 are located progressively downgradient 

of the Present Landfill Well 7-86 1s usually dry and only organic chemistry data 

exist for this well Well 42-87 was dry during the third and 

fourth quarter 1988 Analytes exceeding the estimated background range during the 

first quarter of 1988 include barium, calcium, iron, potassium, magnesium, manganese, 

sodium, strontium, sulfate, and TDS Of these analytes, only iron (04  mg/l), and 

manganese (057 mg/l) exceed the proposed concentration limits Iron was not aboye 

Well 40-87 is also dry 

the proposed concentration limit in 1987, and as previously mentioned, manganese 1s 

above the limit in  the upgradient well 10-86 

I 
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As shown in Tables 28, 29, and 30, the concentrations of analytes a t  wells 6-86 

and 5-86 do not indicate a release from the landfill These high concentrations of 

constituents are not seen within the landf ill ground water or immediately 

downgradient of the landfill (well 42-87), indicating that another source of high TDS 

water exists downgradient of the landfill As no SWMUs are known to be located 

downgradient of the landfill, this source may be due to natural saline mineral 

dissolution Because gross alpha (110 pCi/l), gross beta (54 pCi/l), and total uranium 

(169 pCi/1) exceed the proposed concentration limits a t  well 5-86, the source of this 

ground water will be investigated 

4 4 3 Bedrock Ground-water Oualitv 

Three bedrock wells currently exist to monitor bedrock ground-water quality 

Well 9-86 is located immediately west of the landfill, 8-86 is located immediately east 

of the landfill, and 41-87BR is downgradient of the landfill embankment in the 

unnamed tributary of North Walnut Creek Tables 31, 32, 33, and 34 summarize 

above background inorganics, metals, radionuclides, and volatile organic 

Concentrations during 1988 Ground-water quality data are presented in Appendix D 

Inspection of Tables 31, 32, and 33 indicates that bedrock ground water a t  the 

landfill has apparently elevated concentrations of barium, molybdenum, sodium, 

strontium, uranium, sulfate, and TDS However, as with alluvial ground water in this 

vicinity, the upgradient bedrock ground water has apparent elevated concentrations 

of some of these constituents At times, well 9-86 has had above background 

concentrations of barium, iron, zinc, mercury, sodium, nitrate, and sulfate, suggesting 

the background ranges for these constituents are higher than that depicted for well 

54-86 Relative to ground water a t  well 9-86, ground water a t  well 8-86 is similar in 
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composition In contrast, ground water at well 41-87 is notably elevated in  calcium, 

sodium, chloride, strontium, and TDS relative to well 9-86 Total uranium also was 

present at  7 4 pCi/1 i n  the second quarter, however, uranium was not detected during 

the first quarter The high concentrations of  major ions and metals at  41-87 are not 

observed in alluvial ground water within,  adjacent to, or immediately downgradient 

of  the landfill Although it is possible the sandstone in  well 41-87 subcrops beneath 

the landfill, i t  is concluded that the quality of the ground water in this sandstone 

reflects dissolution of minerals within the sandstone and claystone 

0 

As shown on Table 34, methylene chloride, chloroform, and toluene were 

detected in  all fourth quarter 1988 bedrock ground-water samples for the Present 

Landfill Methylene chloride was the only volatile organic compound detected in the 

third quarter samples, and volatile organics were undetected during first and second 

quarters 1988 i n  the landfill bedrock wells These occurrences o f  volatile organic 

compounds are likely due to laboratory artifact, although laboratory blank data are 

currently not available 

4 5  _co NTAMINANT MIGRATION R A T E S  

Based on slug tests o f  wells completed within the landfill (wells 62-87 and 63- 

87). the hydraulic conductivity o f  landfill materials ranges from 6 Z X ~ O - ~  cm/s to 

6 7 ~ 1 0 ' ~  cm/s (Table 24) Using the maximum hydraulic conductivity of 6 7 ~ 1 0 ' ~  

cm/s (694 ft/yr), an assumed effective porosity o f  0 1, and a horizontal hydraulic 

gradient of 0 0 2 7  f t / f t ,  ground water within the landfill is moving at  a rate of 185 

ft/yr Thus, approximately eight years are required for ground water in the west end 

of the landfill (well 59-86) to reach the landfill pond (1,500 feet) Although 

hydraulic conductivlty values for wells 62-86 and 63-86 are quite similar, fill 
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materials are presumably heterogeneous, and flow conditions no doubt vary 

considerably within the landfill 

- Once ground water within the landfill discharges to the landfill Pond, it 1s 

retained within the pond where it either evaporates directly from the pond or 

evaporates via spray irrigation onto the hillside north o f  the pond 

Alluvial ground water within the valley fill alluvium downgradient o f  the 

landfill pond (well 42-87) appears to be impacted by the landfill Alluvial ground 

water from the landfill may reach the valley f i l l  by flowing through the ground- 

water intercept system which can discharge to the unnamed tributary, or Past releases 

may have occurred via the spray irrigation of landfill pond water north Of  the 

landfill at SWMU 167 1 (Figure 16) 

There are no site-specif ic hydraulic conductivity data available for valley f 111 

In addition, the alluvium is dry 

Therefore, ground-water flow rates i n  the unnamed 

alluvium in  the unnamed tributary of  Walnut Creek 

during portions o f  the year 

tributary valley fill alluvium cannot be characterized at  this time 

0 

4 6 CONCLUSIONS AND RECOMMEN DATIONS 

4 6 1  Co nclusions 

Hydrogeologic investigation results of the Present Landfill suggest that the 

ground-water intercept system may not completely isolate the landfill from ground 

water exterior to the waste management unit Hydraulic assessments for specific 

areas on the west, north, and south sides of the ground-water intercept system 

indicate ground water does migrate into the landfill a t  the west or northwest and may 
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be exiting the landfill on the southwest a t  times of the year However, water balance 

calculations indicate ground-water inflow probably occurs around the landfill The 

intersection of the ground-water intercept system and the slurry walls may be the 

location of this inflow 

Based upon an  examination of alluvial water quality data from wells within 

and surrounding the landfill, it  appears the landf ill may be impacting downgradient 

ground water with major ions, manganese, and iron This is typical of any sanitary 

landfill Of 

these analytes, only manganese is consistently higher than the proposed concentration 

limit, however, manganese is also higher than this limit in upgradient alluvial ground 

water High salt concentrations further down the drainage (wells 6-86 and 5-86) 

appear to result from another yet unidentified and presumably natural source 

Strontium and barium are also elevated downgradient of the landfill 

Bedrock ground-water quality is con JeCtUred to be influenced largely by 

High salt concentrations 0 mineral dissolution wlthln the sandstones and claystone 

observed in  bedrock wells are not seen in alluvial ground water within the landfill 

4 6 2 Recommendations 

The current ground-water monitoring program a t  the Present Landfill has not 

detected a contaminant plume However, ground-water monitoring a t  the Present 

Landfill will continue as alternate monitoring Recommendations for  additional 

monitoring wells a t  the Present Landfill are presented in  the Hydrogeologic 

Characterization Report (U S DOE, 1988), and additional interim status monitoring 

wells are also proposed in Section E of the Post-Closure Care Permit Application (Us 
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DOE, 1988) Recommendations for  proposed monitoring wells discussed below include 

1 0 the recommendations from both of these referenced documents 

Quarterly monitoring of the 2 1 existing wells upgradient, within, and 

downgradient of the Present Landf ill will continue Fifteen additional monitoring 

wells are also proposed in and around the Present Landfill to further define the 

extent of saturation and the ground-water quality in surf icial materials, weathered 

claystone bedrock, and subcropping sandstones Slug tests will be conducted in all 

newly installed wells in addition to wells 40-87 and 42-87 to obtain additional 

hydraulic conductivity data for various materials a t  the landfill Proposed well 

locations are shown on Figure 27, and additional well construction details are 

presented in Table 35 

Five new alluvial wells are proposed at  the Present Landfill Well LF-01 wlll 

effectively replace well 59-86 The Hydrogeologic Characterization Report (U S DOE, 

1988) recommends that thls well be replaced, as it  penetrates the clay surface Seal of 

the ground-water/leachate collection system Proposed alluvial wells LF-07, LF-IO, 

and LF-14 will be installed south, southeast, and north, respectively of the waste 

management area to monitor ground water potentially exiting the landfill via Rocky 

Flats Alluvium Proposed alluvial well LF-04 will be constructed inside the south 

slurry wall opposite existing well 72-87 This well will be used to evaluate the 

effectiveness of the south slurry wall 

I 

, 
I 

Three bedrock wells will be installed around the Present Landfill to assess the 

extent of saturation within the weathered claystone Well LF-08 will be located on 

the south side of the landfill adjacent to proposed alluvial well LF-07, well LF-11 

will be located east of the landfill pond adlacent to existing wells 40-87 and 41-87BR, 
I 
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and well LF-I  5 will be completed in weathered claystone adjacent to proposed 

0 alluvial well LF-14 

I 
Seven additional bedrock wells are proposed for monitoring subcropping 

sandstones at  the Present Landfill Wells LF-02 and LF-03 will monitor the sandstone 

which subcrops at  existing wells 64-87 and 65-87, and wells LF-OS and LF-06 will be 

installed in  the sandstone which subcrops at  existing well 72-87 Proposed well LF-09 

will be completed in the sandstone subcrop predicted beneath the landfill pond. The 

remaining two proposed bedrock wells, LF-12 and LF-13 will be completed in  the 

upper and middle sandstones, respectively, encountered i n  existing well 4 1-87BR. 

An impermeable cap will be placed on the Present Landfill area during closure 

to eliminate precipitation infiltration This cap will aid i n  removing water currently 

Present by reducing recharge to the landfill However, the effectiveness of this plan 

is dependent upon the ability of the in-place ground-water collection system to 

effectively divert ground water away from the landfill Therefore, single hole pump 

tests will be conducted i n  wells 63-87, 64-87, and the replacement well for 59-87 with 

wells 62-87, 65-87, and 58-87 serving as the observation wells, respectively These 

tests will serve to establish I f  a hydraulic connection exists between alluvial ground 

water inside and outside the landflll at these locations 

- 
Alluvial ground-water quallty near wells 5-86 and 6-86 will be further 

investigated in order to determine the source and extent o f  the high TDS water 
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TABLE 1 

GROUND-WATER SAMPLING PARAMETERS 

FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 

INDICATORS 
Total Dissolved Solids 

METALS 
Hazardous Substance List - Metals 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Cesium 
Chromium (hexavalent) 
Lithium 
Molybdenum 
Strontium 
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e 
TABLE 1 

GROUND-WATER SAMPLING PARAMETERS 
(continued) 

ANIONS 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 
Cyanide 
Phosphate 

ORGANICS * 
Hazardous Substance List - Volatiles 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1, I-Dichloroethane 
trans- 1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-I ,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
3-Chloroethyl Vinyl Ether 
Bromoform 
2-Hexanone 
4-Me thyl-2-pentanone 
Tetrachloroethene 
Toluene 
Ethyl Benzene 
Styrene 
Total Xylenes 

011 and Grease 
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TABLE 1 

GROUND-WATER SAMPLING PARAMETERS 
(continued) 

Hazardous Substance List - Semi-Volatrles 
2,4,6-Trichlorop hen01 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Ni troaniline 
Dimethyl Phthalate 
Acenaphthylene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof uran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl Phthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-N1 troaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromopheny l-pheny lether 
Hexachloro benzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
di-n-Butyl Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyl Phthalate 
3,3’-Dichlorobenzidine 
Benzo( a) An t hracene 
bis( 2-et hylhexy1)Ph t halate 
Chrysene 
di-n-Octyl Phthalate 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 
Benzo(a)Pyrene 
Indeno( 1,2,3-cd)Pyrene 
Dibenz(a,h)Anthracene 
Benzo( g,h,i)Per ylene 
bis(2-Chloroethy1)Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropy1)E ther 
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TABLE 1 

GROUND-WATER SAMPLING PARAMETERS 
(continued) 

Hazardous Substance List - Semi-Volatiles 
(continued) 

4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Ni trophenol 
2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Ch1oroethoxy)Methane 
2,4-Dimethylphenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopen tadiene 

Hazardous Substance List - Pesticldes and PCBS 
Alpha-BHC 
Be ta-BHC 
Delta-BHC 
Gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxlde 
Endosulfan I 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan Sulfate 

Methoxychlor 
Chlordane 
Toxaphene 
Arochlor-1016 
Arochlor-1221 
Arochlor-1232 
Arochlor- 1242 
Arochlor- 1248 
Arochlor-1254 
Arochlor-I260 

4,4’-DDE 

4,4’-DDD 

4,4’-DDT 
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0 

0 

T A B L E  1 

GROUND-WATER SAMPLING PARAMETERS 
(continued) 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233+234, 235, and 238 
Americium 24 1 
Plutonium 239+240 
Strontium 90 
Cesium 137 
Tritium 

* Ground-water samples from the first quarter of 1987 were analyzed for 9 of the 
HSL 2nd, 3rd, and Part of 4th volatiles These volatiles are the chlorinated solvents 
historically detected in  the ground water and are as follows PCE, TCE,  l,l-DCE, 1,2- 
DCA, t-1,2-DCE, l , l , l -TCA,  1,1,2-TCA, CCl,, and CHC1, 

Strontium 89,90 was not analyzed during first quarter 1988 

Cyanide was not analyzed during fourth quarter 1987 

Lithium was analyzed for in fourth quarter 1987 and first quarter 1988 only 

Phosphate and total suspended solids were determined for ground-water samples 
analyzed i n  1986 

HSL semi-volatiles, pesticides, and PCBs were analyzed during 1986 analyses only 

Chromium VI was analyzed i n  fourth quarter 1987 ground-water samples only 

0 1988 ANNUAL RCRA MONITORING REPORT 1 MARCH 1989 
ROCKY FLATS PLANT, GOLDEN, COLORADO TABLE 1,  PAGE 6 



Cons t i tuent 
Uater 

Dissolved Metals (mg/L) 

TABLE 2 

BACKGROUND GROUND-WATER CHEMISTRY* 

++Ag 
A1 

++As 
++Ea 

+Be 

Ca 
++Cd 
+co 

++Cr 
CS 
+cu 

Fe 
++Hg 

K 

+L 1 

Mg 
Mn 

Mo 
Ne 
+w 1 

++Pb 
+Sb 

++Se 

Sr 
+T 1 
+V 

+2n 

Other Inorganics (mg/l) 

H C 4  
s04 
N4 

CL 

TDS 

Allwial Ground Water 

Upper Limit Proposed 
of Range Conc Limit 

0083 
0.223 
0 01u 
0.071 
0 005u 

0. OOSU 
0.022u 
0.026 
0.02u 
0.046 
0 162 
0.0002u 
0 8  
0 1u 
6 
0.066 

0 022u 

0.370 
0.016 
0 . W  
0 * 005u 
0.15 
0 01u 
0.024u 
0 164 

34 

13 

0083 
a 

5 - 0  ** 
O O5,* 

NS ** 

0 02% 

O 9R 
0 O O t *  

1 0  
0 005u 

0 01 

0 05 
0.02u 

0 3  

NS 
0 1u 

NS 

0.066 
0 l a  

0 37:* 

O %* 

NS 

0 05 

0 01 
NS 
0 01u 
0 024U 
0 164 

Ns *t* 

250 *** 
250 *** 

79 
19 
27 

1.5 10 
1 67 400 

**+ 

Bedrock Ground 

Upper Limit Proposed 

of Range Conc. Limit 

0 008 
0 038 
0.01u 
0 106 
0 005u 

0 005u 
0.02w 
0.033 
0 02lJ 
0 048 
0.161 
0 ooozu 
5 2  
0 1u 

0 228 
0 02w 

0.054 
0 019 
0 . W  
0.005u 
0 87 
0.01u 
0.024U 
0 098 

110 

25 

36 

347 
4 

92 
07 

467 

0 os** 
5.oa 
0.05,: 
1 0  
0 005u 

0 01 

0.05 
0 02u 

0.3 

NS ** 

0 0 2 g  

O %JC* 
0 m i *  

NS 

0.1u 
NS 

0 228 
0.1 
NS 

0 

0 2= 
0 os** 
O.?* 
0 01 
NS 

0.01u 
0.024U 
0 098 

Ns *** 
250 *** 
250 *** 
10 

400 
**+ 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, C O L O W O  

1 MARCH 1989 

1 TABLE 2, PAGE 1 



TABLE 2 

BACKGROUND GROUND-WATER CHEMISTRY. 
(CONTINUED) 

Constituent 

Dissotved Radiaruclides (pCi/l)- 

Gross Alpha 
Gross Beta 
Pu 239, 240 
Am 241 
Total U 
Sr 89,90 
Cs 137 
H3 

. _ _ _ _ _ _ _  - - - -  - - - - - -  CONCENTRATION----------- _ _  - - - - e -  

Alluvial Bedrock 

of Range Conc. Limit of Range Conc Limit 
Upper Limit Proposed Upper Limit Proposed 

< 1  8 < 1  8 
ND NS ** ND 
<593 20,000 <593 20,000 

NS ** 

Based on data from 1987 and 1988 for wells 55-86 (alluvial) and 54-86 (bedrock)(see Appendix A).  

r* 
Primary Drinking Uater Standard. 

I 

Secondary Drinking Water Standard 
0 *** 

**+ 
Colorado Ground Uater Standard 

+** Proposed Drinking Water Standard ( 5 1 F R  34859) 

Colorado Surface Uater Standard t5CCR 1002 8, Sec. 3 8 5(3)1 

MDA - Minimm Detectable Activity, MOA noted in parentheses 

++* 

*++ 

+ Appendix IX constituent 

++ 
Appendix 1X constituent and SDWA metal. 

a Colorado Ground Uater Agricultural Standard 

NO = No data 
NS = No standard 
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ROCKY FLATS PLANT, GOLDEN, C O L O R M O  

1 MARCH 1989 

TABLE 2, PAGE 2 



TABLE 3 

DEPTH OF WEATHERING IN ARAPAHOE CLAYSTONE: 
SOLAR EVAPORATION PONDS AREA 

Below Ground Below Top of 
Surface (ft) Bedrock (ft) 

Well 
20-86 (a) 

28-86 (a) 
30-86 (a) 
31-86 (a) 

37-87 (a) 

56-87 (a) 

22-86 
27-86 

32-86 

39-87BR 

Borehole 
SPO1-87 
SPO2-87 
SPO3-87 
SPO4-87 
SPO5-87 
SPO6-87 
SPO7-87 
SPO9-87 
SP10-87 
SP13-87 
SP15-87 

22.5+ 
21.0 
15.5 
15.5+ 
16.0+ 
22+ 
72 
13.0+ 
39.0 
13.4+ 

25.9+ 
NA 
18+ 
32.0+ 
21.8+ 
30.7+ 
31.0+ 
11. o+ 
27.7+ 
16.5+ 
19.5+ 

10+ 
9 
6.3 

7.1+ 
14+ 
21.1+ 
71.2 
10.3+ 
33.8 

4.0+ 

12.7+ 
NA 
4.8+ 
22.5+ 

4.0+ 
12.7+ 
9.7+ 
5.0+ 
25.3+ 
13 . 8+ 
4.6+ 

(a) Minimum value: weathering to total depth of well. 
(b) Minimum value: weathering at base of lowermost clay. 
(c) No Arapahoe claystone encountered. 

-0 
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RESULTS OF PACKER TESTS IN ARAPAHOE FORMATION 
SOLAR EVAPORATION PONDS AREA 

GeOMt r 1 c Uell 1 nterva 1 Lithology Test 1 Test 2 Test 3 
Number (ft) (cm/s) (cm/s) <cm/s) Mean (cm/sl 

14-86 

16-86 

23 - 86 

25 - 86 

27- 86 

32.46-43.64 Claystone 7 8 x10 3 47x10- i  8.8 x ~ O - ~  
43.26-54 44 Sandstone 2 1 1 ~ 1 0 - ~  7.34~10 6 5 x ~ O - ~  
53.91-65 09 Claystone/Siltstone 

28.68-38.68 Claystone 3 89x10 - 7.10~10 
34 4 3 - 4 4  42 Claystone/Siltstone/Sandstone 
42.49-52.59 Claystone/Siltstone 
52.43-62 43 Siltstone 4 0 x ~ O - ~  1 . 8 8 ~ 1 0 ~ ~  3 0 x10 

Aborted 6 

37 25-48.43 
44.68-52 35 
52.35-63 55 
66 10-77 30 
67.80-79 00 
71 80-83.00 
78.00-79 00 
82.72 93 92 
84.05-95 25 

104.21-115.40 

UClaystone 2 0 x10 Aborted Aborted 
UCLaystone 4 3 x ~ O - ~  1 . 4 1 ~ 1 0 - ~  4 0 x10 
Claystone/Siltstone 
Siltstone/Claystone 
Siltstone/Claystone 
SiLtstone/Claystone 
Si ltstone 3 . 0 8 ~ 1 0 . ~  Aborted Aborted 
Siltstone 2.9 x10 Aborted Aborted 
Siltstone 3.6 x ~ O - ~  Aborted Aborted 
Sandstone/Siltstone 

Geometric Mean for Weathered Claystone: 
Geometric Mean for Siltstone: 

35.88-47 06 UCLaystone 7.8 x10 2 . 1 4 ~ 1 0 . ~  6.3 x ~ O - ~  
48.05-59 23 Claystone 1 0 ~ 1 0 . ~  2.0 ~ 1 0 . ~  Aborted 
58.86-70.04 Claystone 2 0 x10 5.9 x ~ O - ~  3.3 xlO-' 
69.36-80.54 Sandstone* 2 0 ~ 1 0 . ~  2 . 6 5 ~ 1 0 . ~  7 7 xlO-' 
83.29-94 47 Test Interval in Excess of TD 

Geometric Wean for weathered Claystone- 
Geometric Mean for Claystone: 

24.29-35.84 
24.65-35 84 
35.84 - 47.03 
42.58-53.77 
70.96-82.15 
82.15-93 34 
96.43-107.62 

107.62-118 81 
118.81-130 0 
130.00-141.19 
138.37- 149.56 

6 
6 

UCLaystone 2.00~10 
UClaystone 2 04x10 
WCLaystone 4 7 x10 
UClaystone 1. x10 
Claystone 1 01x10 
Claystone 3.4 x10 
Siltstone 3.1 x10 
Claystone/Siltstone 
Claystone 1. x10 
Claystone/Sandstone 
Claystone 1 x10e8 

6 
7 
7 

8 

2 -70x1 0 -  
2 .75~  1 0 -' 
1 x10 
2.98~10 -' 
3.84~10 ' 
6.5 x 1 ~ - 7  

2.1 x ~ ~ - 7  

1.1 x ~ ~ - 7  

6. xlO-' 

Aborted 
Aborted 
4 x10-8 

4 x10-8 

3 . 3 6 ~ 1 0 . ~  
3.8 x10 

8 2 x10 

Geometric Mean for Weathered Claystone: 

6 1.34~10 
2.16~10 

5 26x10 

6 1 x10 

2.0 x10 
2.9 x10 

7 
7 

3 08x10 
2.9 x10 
3.6 x10 

7 

2.4 x 1 ~ - 7  

1 .02x10-6 

7 6.9 x1Q 

1 0 x10 
1 6 ~10':  
3 4 x10 

1.02 X I 0  
4 0 x10 

2 3 2 ~ 1 0 . ~  
2 3 7 ~ 1 0 ' ~  
2.3 x ~ ~ - 7  
1. x10-6 8 

2.16~10 
7 9 x10 
1.4 x10 

3. x10-8 

2. x10'8 

7 3.4 x10 ~ 

Geometric Mean for Claystone 1 8 x1O-l 
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TABLE 4 

! e  

RESULTS OF PACKER TESTS IN ARAPAHOE FORMATION 
SOLAR EVAPORATION PONDS AREA 

( CONTINUED) 

Uell Interval Lithology Test 1 Test 2 Test 3 Gemet r i c 
Number (ft) (cm/s) (cm/s) (cm/s) Mean (cm/s) 

32 86 45 20-55.20 
55.20-65.20 
65.20-75 20 
75 20-85 20 
85.20-95.20 
95.20-105.20 
95.20-105 92 

105.20- 115 -20 
116.08-126.08 

34-86 46.01-56.00 
55.01-65.00 
76.71-86.70 
85.10-95.09 

39-87BR 50.10-59 75 
59 75-69.40 
69.40 - 79.05 
79.05-88.70 
88.70-98 35 
98.35-108.00 

108 00-117.65 
115.65-125.00 
122.68-132.33 

UClaystone 5.6 x10 1 59x10 15 2 8 x ~ O - ~  6 3 x10 
UClaystone 2 8 x10 6 x10 a Aborted 1 3 x 1 ~ - 7  
Claystone 4 6 x10 6 4 x10 1 9 x10 3 8 x10-3 
Claystone 8 ~ 1 0 . ~  3 7 x10 6 xlO-' 1 2 x10 
Claystone/Sandstone 
Claystone 3.7 x 1 ~ - 7  4 1 x10 7 o x 1 0 . ~  2.1 x 1 ~ - 7  
Claystone 3 5 x10 3 9 x10 6 x l0"  2.0 xlO-' 

7 Claystone 6 0 ~ 1 0 ' ~  4 6 x ~ O - ~  1 3 x10-7 1.5 x10 
Claystone/Sandstone 

Geometric Mean for Weathered Claystone: 
Geometric Mean for Claystone: 

Sandstone 1 73 xlO-' - - -  6 30 x ~ O - ~  3.30 ~ 1 0 . ~  
Claystone 4 14 x10 5 73 X10 1 56 X10'6 3.33 X10 

1 55 x10 

1.34 x10 

2.9 x10 7 

2 0 x10 

Claystone 4 7 x 1 ~ - 7  .-- -.- 4.7 x 1 ~ - 7  
Claystone 5 6 ~ l o - ~  4.28 ~ l o - ~  - - -  

6 Geometric Mean for Claystone. 

Claystone Aborted 3. x10 
Claystone 6. x10 

CLaystone/Siltstone/Sandstone 
Slltstone/Sandstone 
Claystone/Siltstone 
Sandstone/Siltstone 
Siltstone Aborted 3 9 x ~ O - ~  Aborted 

3. x10-8 

Claystone 4 x10-8 4. x10-8 

8 
Aborted 

6. x10 8 

3 9 x10 
8 Sandstone 2 x10 6. X I 0  a Aborted 3. x10 

Geometric Mean for Claystone- 4. x10-8 
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TABLE 5 

Well 
Drawdown Slug Packer 

Litho1 ogy Recovery Test Test 
Test (cm/s) (cm/s) (-/SI 

14-86 

16-86 

Sandstone 
Clays tone 

Siltstone & Sandstone* 
Siltstone 
Claystone 

23-86 

25-86 

27-86 

' e 32-86 

I 

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS 
IN ARAPAHOE FORMATION, SOLAR EVAPORATION POmS AREA 

34-86 

39-87 

Sandstone 
Siltstone 
Weathered Claystone 

Claystone & Sandstone* 
Sandstone 
Clay stone 
Weathered Claystone 

Sands tone 
S il tstone 
Claystone 
Weathered Claystone 

Sandstone & Claystone* 
Clays tone 
Weathered Claystone 

Sandstone 
Claystone 

Sandstone 
Siltstone 
Claystone 

Geometric Mean (cm/s) 

Sandstone: 
Siltstone : 
Claystone: 
Weathered Claystone 

* 
Mixed litholosv tests not used 

1 . 9 ~ 1 0 - ~  

9x10-8 

3.1 x10-6 

4 . 8  x ~ o - ~  

2. 2x10-6 
1.3x10+ 

6 . 1  ~ 1 0 ' ~  
5 . 3 ~ 1 0 - ~  

3 . 4  ~10'~ 

1 . 0  x10-6 
4 . 0  ~10'~ 

1 . 4  ~10'~ 
1 .8  ~10'~ 
3 . 4  x10-7 

2 . 0  x ~ o - ~  
2 . 9  ~10'~ 

3 . 3  x10-6 

3 x10-8 
3 . 9  ~ 1 0 ' ~  

4 x10-8 

1.3  ~ 1 0 ' ~  

1x10-8 5 . 2  ~10'~ 

3 . 4  ~ 1 0 ' ~  
3 . 9  ~ 1 0 ' ~  

6.7 X 1 0 e 7  

in calculatina aeometric means. 
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TABLE 15 

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS 
IN R O W  FLATS AIIUNIUM, 

WEST SPRAY FIELD AREA 

Hydraulic Conductivities 
Drawdown Slug Ground Water 

Well Lithology Recovery Test Velocity* 
Test (cm/s) (cm/s) (ft/yr) 

45-86 Gravel, sand, silt 

47-86 Gravel, silt 2 . 6 ~ 1 0 - ~  

49-86 Gravel, sand, silt 

(26 .9  ft/yr) 

50-86 Gravel, sand, silt 

56-86 Boulders + Silt 

2 . 1 ~ 1 0 ~ ~  3 . 5  
(21.7 ft/yr) 

4 . 3  

9. 7 x W 5  1 6 . 1  
(100 .4  ft/yr) 

( 5 4 8  - 7 ft/yr)  

( 5 1 . 8  ft/yr) 

5 .  3x1OW4 87 .8  

5 .  Ox1C5 8 .3  

* Horizontal ground-water velocity. Velocities are calculated 
from the hydraulic conductivity, the average horizontal 
gradient of 0.016 ft/ft, and an assumed effective porosity of 
0.1. The equation used is 

G-W Velocity (ft/yr) = K(ft/yr) (0.016 ft/ft)/(O.l) 

where I( = hydraulic conductivity (ft/yr) 
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TABLE 16 

RESULTS OF PACKER TESTS IN THE UPPER L?LRAMIE FORMATION 
WEST SPRAY FIELD AREA 

1 nterva 1 Geomet r i c 
Uell (Depth below Lithology Test 1 Test 2 Test 3 Mean 
Number Ground Level ft) (cm/s) (cm/s) (cm/s) (Crn/S) 

46 86 107.27-117.30 Claystone 3x10 
130.22-140.25 Claystone 1x10-8 
140.64-150.67 Siltstone 1x10-8 
151.00-161.03 Siltstone 1x10-8 

48-86 101.23-110.88 
113 80- 123.53 
124.69-134.34 
128.05-137.70 
130.05-139.70 
141.03-150.39 
141 03-150.39 
144.00-153.65 
145 94-155.59 
160.00-169.65 
161.88- 171.53 
165.20-174.80 
167.10 - 176.74 
175.85- 185.50 
177 75-187 40 
181 21 - 190.86 
183.11-192.76 
192.00-201.65 
194 00-203.60 
196.15-206.80 
198.76-208.41 

Geometric Mean for Claystone- 
Geometric Mean for Siltstone- 

8 Siltstone 8 Claystone* 2x10 
Si ltstone 1 6x10.' 

7 
Si ltstone 
Siltstone 3.8~10 
Si Ltstone 5 5x10 
Si ltstone 9x10:; 
Si ltstone 3.4~10 
Siltstone 2.5~10-~ 
Si ltstone 1.9~10.~ 
Siltstone 4.3~10.~ 
Si L tstone 1.3~10'~ 
Si Ltstone 1 Ox10 
Siltstone 3. I X I O - ~  

2 3x1 0- 

Si ltstone 
Si ltstone 1x10-8 
S i  ltstone 1 5x10 
Si ltstone 4x10'8 
si ltstone P Sandstone* 1 x 1 0 - ~  

7 Siltstone 8 Sandstone* 3 Ox10 
Sandstone 1 .1x10-7 
Sandstone 3 ~ 1 0 . ~  

2. zX1 0 - 

Geometric Mean for Siltstone. 
Geometric Mean for Sandstone: 

Fa1 led 
6x10 

Fai led 
Failed 

6 5 ~ 1 0 ' ~  
Fai Led 
Fai Led 
Fa1 led 
Fa1 led 
Failed 
Failed 
Far led 
Failed 
Far led 
Fai led 
Failed 
Failed 
Fa1 led 
Fa1 led 
Fa1 Ied 

7 O ~ I O - ~  

3x10 
6x10e8 5 ~ 1 0 - ~  

1 .lX10-' 8xio-8 
1x10-8 2x10-8 

l ~ l O - ~  5 ~ 1 0 - ~  

3 .8x1 0-  ' 
5.5x10-' 

3.4~10.~ 
2 .5x1 0-7 
1 9x10.' 
4 3x10'5 
13x10 

3.1~10 

1 5 ~ 1 0 . ~  
4 ~ 1 0 - ~  

1.0~10-~ 2 5x10.~ 

3x10e8 1 .2x1~-7 

1 ox10-7 -7 

2.2x10-7 
lx10-8 

1.1x1~-7 
3 ~ 1 0 . ~  

1 6 ~ 1 0 . ~  
6 ~ 1 0 . ~  

Mixed lithology tests not used in calculating geometric means 
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TABLE 17 

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS 
I N  THE UPPER LARAMIE FORWlTION 

WEST SPRAY FIELD AREA 

Hydraulic Conductivltles 
Drawdown Slug Packer 

Test (cm/s) (cm/s) (cm/s) 
Well Lithology Recovery Test Test 

46-86 Claystone 
Siltstone 5 ~ 1 0 - ~  

48-86 Siltstone & Sandstone 5. 4 x W 7  
Siltstone 1.6x10-’ 
Sandstone 6 ~ 1 0 - ~  

Geometric Mean (cm/s) 

Sandstone: 
Siltstone: S X ~ O - ~  
Claystone: 
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TABLE 23 

DEPTH OF WEATHERING IN THE ARAPAHOE CLAYSTONE 
PRESENT LANDFILL AREA 

Well ------- Depth of Weathering ------- 
Ground Level (ft) Bedrock (ft) 

Number Below Below 

7-86* 

8-86 

59-87* 

61-87* 

62-87* 

63-87* 

64-87* 

65-87** 

67-87* 

6 8 - 8 ~  

7o-a7* 

10+ 

1 3 . 8  

25.5+ 

34.1+ 

3 O+ 

3 O+ 

25.5+ 

26+ 

21.3+ 

2 o+ 
17+ 

5+ 

1 2 . 1  

5+ 

6.1+ 

3.7+ 

5+ 

2.3+ 

5+ 

4.9+ 

4.7+ 

3.5+ 

* Minimum Value: Weathering to total depth of well 
** Minimum Value: Base of lowest described claystone 
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I TABLE 2 4  

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS OF SURFICIAL MA- 
PRESENT LANDFILL AREA 

D raudown Slug 

Uell No. Formation Lithology Screened Recovery Tests 
lest (cm/s) (cm/s) 

, 

45-86 QRF Sand and poorly sorted gravel 2.1 l o e 5  

58-87 QRF Sand, poorly sorted gravel, 
and clayey sand 1 6 x 1 0 5  

60 - 87 QRF Sand and gravel grading to 
clayey sand and clay 1 3 x 1 o 3  

61 -87 QRF Sand 9 9 x lo+ 

62 - 87 QRF Sand and gravel, clayey sand and clay 6 2 x 1 0 4  

63-87 QRF Sand and gravel, sandy clay 6 7 x 10" 

65-87. QRF,KASS Clayey sand, sandstone 4 6 x 

66-87 Sand and sandy clay 1.8 

67-87 QRf Clayey sand 6.4 

Q~~ 

71 -87 QRF Clayey sand grading to sandy clay 6 6 x 

Geometric mean for Rocky Flats Alluvium 1 8 x 1 0 5  4 6 x 1 0 4  

PRF = Rocky Flats Alluvium 

KASS = Arapahoe Sandstone 

Geometric mean for QRF 1 a x 4.6 x i o e 4  

Completed in tuo formations. Not used in calculation of geometric mean. 

Note- lo convert from cm/s to ft/year, multiply by 

365 25 day 86400s ft 
x -  X 

year day 30.48 cm 
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TABLE 25 

RESULTS OF PACKER TESTS IN ARAPAHOE FORMATION 
PRESENT LANDFILL AREA 

Test 1 lest 2 Test 3 Geome t r 1 c 
(cm/s) mean (cm/s) Well No. Interval (ft) Lithology (cm/s) (cm/s) 

8 86 

9-86 

0 
41 -87BR 

33.50 - 43 53 
43 50 - 53.53 
53 50 - 63.53 

87.64 - 97 67 
97 87 - 107.70 

107 70 - 117.93 
121.00 - 131 03 
135.00 - 145.03 

20.85 - 30.50 
32 50 - 42.15 
41.55 - 51.20 
53.05 - 62.70 
62.70 - 72.35 
73 35 - 82.00 
82 00 - 91 65 

6 Claystone 6.90 X 10 
Claystone Aborted 
Claystone 1 13 X 10 6 

C laystone 

Si Ltstone 
Siltstone 6 0 X 
Si Ltstone 
Sandstone 1 9 X 10 
Sandstone/Siltstone 

7 

Siltstone 
Sands tone 

Claystone 5 7 x 
Sandstone 3 5 X 
Sandstone 9 0 X l o e 7  
Claystone 2 o x 

7 Sandstone 4 2 X 10 
7 Claystone 9 1 X 10 
7 Sandstone 5.7 X 10 

C 1 ays tone 
Sandstone 

5 06 X 10 3.10 X 10 
2 1 x lo - '  Aborted 
3 0 X 10.' Aborted 

Geometric mean for 8-86- 

1 0  x 1 0 6  
3 0 X Aborted 
1 0 x 
4 0 x 

Geometric mean for 9-86. 
Geometric mean for 9-86: 

1 71 x IO+ 9 9 x 
1.0 x l o e 7  2.0 x 

3 9 x IO 1.0 x 
2.46 X 10 1 75 X 

6 6 X 1 70 X 10 
2 58 X 
5 0 x 

Geometric mean for 41-87BR 
Geometric mean for 41-870R 

4.8 X 

1 8 X l o m 7  

7 5.7 x 10 

1 0 x 

2.1 x 

4.0 x l o e 8  
1 o x 1 0 8  
9 o x 1 o 8  

2.0 x 
9 0 x 

9 9 x l o T 7  

2.0 x 

1 5 x 1 0 6  
1.7 x 

6.7 x 

9 0 x 
1 6 X 

3 6 X 1 0 7  

6 7 X 
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TABLE 26  

RESULTS OF HYDRAULIC TESTS IN ARAPAHOE FORMATION 
PRESENT LANDFILL AREA 

~ 

Drawdown Slug 
Well No. Lithology Recovery Test 

Test (cm/s) (cm/s) 

Packer 
Test 

(cm/s) 

8-86 Claystone 
Sandstone 

5.7 x - 
7 x 

2.0 x 
9.0 x 10-8 

Siltstone 
Sands tone 

9-86 - 
4 x 

041-87BR Claystone 
Sandstone 

- - 6.7 x 10” 
2.78 x 3.1 x 10-7 - 

Geometric mean f o r  claystone at the Arapahoe Formation 6.2 X 
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02/24/89 

L -  

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

0 5/ 18/8 7 1 244.0 6.20 10.7 

OS/ 2 7/87 2 201.0 7.20 12.0 

07/14/87 3 N N N 

07/14/87 3 N 7.00 13.3 

08/ 10/87 3 N 6.50 13.6 

09/ 3 O/ 87 4 177.0 7.10 14.8 

09/30/87 4 N N N 

lO/O 1/87 4 N N N 
i 

02/08/88 1 N 7.40 10.3 

04/27/88 2 187.0 7.10 N 

07/11/88 3 171.0 7.70 14.2 

07/ 11/88 3 N N N 

10/ 14/8 8 4 180.0 6.50 13.8 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

04/08/87 1 750.0 6.70 14.0 

05/27/87 2 684.0 7.70 13.8 

07/ 14/8 7 3 N 7.10 14.0 

08/ 10/8 7 3 N 7.30 13.9 

09/30/87 4 658.0 7.10 15.4 

09/30/87 4 N N N 

10/0 1/87 4 N N N 

02/08/88 1 N 6.90 10.7 

04/27/88 2 674.0 7.00 N 

07/11/88 3 637.0 7.50 14.4 

10/14/88 4 650.0 7.00 14.2 

N = Field parameter not measured 
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F I E L D  PARAMETER DATA 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 

. .  . . .. * .  



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PUNT 

03/19/07 1 N N N 

0 6/ 2 5/8 7 2 N N N 

09/24/07 3 N 7.30 1 3 . 9  

0 1/ 05/8 8 4 N 7.10 9.0 

7.80 10.0 03/ 16/88 1 N 

05/2 3/00 2 16030.0  7 . 0 0  1 1 . 0  

09/09/80 3 1592.0 6.50 12.6 

12/02/08 4 13000.0 7.50 1 3 . 4  

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

03/19/87 1 

06/25/87 2 

N 

N 

N N 

N N 

I 09/18/87 3 N N N # 

09/18/87 3 

0 1/ 0 5/88 4 

03/ 16/88 1 

0 5/ 17/ 8 8 

09/07/88 3 

09/07/88 3 

12/02/88 4 

2 

,/- 
( 

N 7 . 1 0  17 .3  

N 7 . 1 0  7 . 9  

N 7 . 0 0  6 . 8  

945 .0  7 . 1 0  1 1 . 8  

N N N 

1094.0  7 . 2 0  2 0 . 9  

1200.0  7 . 6 0  14.6 

N = Field parameter not measured 



02/24/89 
I 
I 

/' -- . GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

04/22/87 1 1480.0  6 .60  1 1 . 0  

06/ 10/87 2 1551.0  6 .60  1 1 . 6  

08/ 06/87 3 N N N 

08/ 06/87 3 N 6.40  1 5 . 5  

12/08/87 4 1451.0  7 . 2 0  7 . 9  

03/14/8a 1 N 6 . 8 0  6 . 9  

05/ 16/88 2 1666.0  6 .50  1 0 . 0  

09/01/88 3 

1 I/ 2 9/88 4 

1642.0  

1400.0 

7 . 2 0  1 4 . 6  

7 .20  10 .2  

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 17-86 ................................................................... 
S P E C I F I C  FIELD 

DATE CONDUCTIVITY TEMPERATURE 
MEASURED QUARTER (uMHOS/cm) PH (degrees C) 

04/22/87 1 2090.0 7.20 1 1 . 0  

................................................................... 

06/ 10/87 2 3690.0 6.00 10.8 

08/06/87 3 N 6.90 17.2 

12/08/87 4 4860.0 ' 6.90 9 . 1  

03/14/88 1 N 6.60 5 . 8  

05/ 16/88 2 5240.0 6.40 9.9 

08/31/88 3 5180.0 6.90 16.9 

11/29/88 4 5200.0 7.60 10.2 

N = F i e l d  parameter not measured 

I 



02/24/89 

GROUND-WATER F I E L D  DATA 
ROCXY FLATS PLANT 

08/05/87 3 DRY 

12/04/87 4 DRY 

03/14/88 1 DRY 

05/ 16/88 2 DRY 

08/30/88 3 DRY 

11/2 2/88 4 DRY 

N = F i e l d  parameter not measured 



c 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

12/ 0518 7 4 DRY 

os/ 2 3 1 8  a 2 DRY 

1112 2/a a 4 DRY 

N = Field parameter not measured 
t 



02/24/09 

c 

c 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 22-86 

970.0 

811.0 

N 

N 

812.0 

N 

922.0 

810.0 

DRY 

6.80 

7.50 

N 

7.20 

7.00 

7.30 

6.90 

7.10 

5.0 

17.3 

N 

19.5 

8.0 

5.4 

11.7 

19.7 

N = F i e l d  parameter not measured 

- -  



I 02/24/89 

‘Q GROUND-WATER F I E L D  DATA 
ROCKY FLATS PLANT 

09/24/87 3 DRY 

12/ 05/87 4 DRY 

0 3/ 16/8 0 2 DRY 

05/23/80 2 DRY 

09/08/88 3 DRY 

1 1 / 2 2 / 8 8  4 DRY 

N = F i e l d  parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 'ii 

10.0 03/18/87 1 2200.0 7.50 

N 

DRY 

DRY 

DRY 

DRY 

DRY 

6.80  18.7 

N = F i e l d  parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 28-86 

1 2 . 0  0 3/ 19/ 8 7 1 7400.0  7 .00 

06/ 2 4/87 2 16180.0  6.90 1 6 . 8  

09/08/87 3 N 6 . 9 0  2 1 . 3  

03/16/88 1 N 7 . 4 0  5 .1  

09/07/88 3 10200.0  6 .90  2 2 . 0  

11/22/88 4 DRY 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

09/24/87 3 DRY 

12/05/87 4 DRY 

03/16/80 2 DRY 

O5/2 3/88 2 DRY 

09/08/88 3 DRY 

11/22/88 4 DRY 

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

I 12/02/88 4 9300.0 6.60 13.3 

O3/2 3/ 87 1 7100.0 6.10 6.0 

04/15/87 1 4700.0 7.30 10.0 

06/24/87 2 12630.0 6.50 14.9 

09/24/87 3 N 7.30 16.8 

0 1/ 15/88 4 N 6.90 7.3 

o i/ 16/88 4 N N N 

0 3/ 16/88 1 N 6.90 6.2 

09/15/88 3 

11630.0 

13000.0 

7.40 9.9 

6.80 16.1 

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

09/24/87 

12/05/87 

03/07/88 

0 5/ 0 2/ 88 

08/12/88 

11/ 08/ 88 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

N = F i e l d  parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

03/17/87 1 1340.0 7.30 6.5 

06/ 02/ 87 2 1427.0 6.90 9.7 

07\28/87 3 N 6.90 16.4 

08/26/87 3 N N N 

10/16/87 4 1641.0 7.20 13.2 

10/ 16/87 4 N N N 

03/02/88 1 1489.0 6.10 5.7 

05/02/88 2 

08/10/88 3 

1470.0 

1691.0 

7.00 N 

6.90 16.1 

11/ 04/8 8 4 1200.0 7.00 13.6 

N = Field parameter not measured 



02/24/89 

t 

I 

I 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

04/24/87 1 1680.0 6.70 10.0 

06/03/87 2 2010.0 6.60 13.2 

07/27/87 3 DRY 

10/ 19/ 87 4 DRY 

03/07/88 1 DRY 

05/02/88 2 DRY 

N = Field parameter not measured 

! 



02/24 /89  

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

1 O/ 2 9/ 8 7 4 DRY 

03/07/88 1 N 

05/02/88 2 N 

08/ 10/88 3 N 

11/08/88 4 N 

N 

N 

N 

N 

N = F i e l d  parameter not measured 



~ 

02/ 2 4/ 89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

0 3/ 16/8 8 1 N N N 

05/  17/8 8 2 N N N 

09/ 06/88 3 DRY 

11/2 2/88 4 DRY 

N = Field parameter not measured 

‘ G  



I 02/24/09 

I 

GROUND-WATER FIELD DATA 
ROCKY FIATS PLANT 

0 3/ 16/88 1 DRY 

05/17/88 2 DRY 

09/ 06/88 3 DRY 

11/2 2/88 4 DRY 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

03/16/88 1 N N N 

05/23/88 2 N N N 

11/2 8/88 4 DRY 

N = F i e l d  parameter not measured 



IN ORGANICS 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 

APPENDIX B-2 
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02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

04/16/87 1 1670.0 7.30 15.0 

04/ 16/ 8 7 1 1670.0 7.30 15.0 

06/ 10/87 2 1628.0 6.20 13.5 

08/ 0 5/ 8 7 3 N 7.30 15.4 

12/08/87 4 1824. o 7.40 9.3 

03/14/88 1 N 7.10 9.1 

10.8 05/ 16/ 88 2 2050.0 7.00 

08/31/88 3 1960.0 7.10 12.6 

11/2 9/88 4 1800.0 7.50 11.3 

11/2 9/88 4 1800.0 7.50 11.3 

N = Field parameter not measured 



12/17/87 4 2010.0 7.20 10.0 

02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 16-86 

04/22/87 1 1440.0 6.90 11.0 

061 10187 2 2390.0 6.70 11.6 

08/07/87 3 N 7.20 14.7 

03/14/88 1 N 7.10 10.4 

051 16/88 2 2220.0 6.80 12.6 

08/31/88 3 2170.0 6.70 13.8 

08/31/88 3 N N N 

1112 918 a 4 2000.0 7.60 10.2 

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLAN!I! 

WELL NUMBER: 23-86 

DATE 
MEASURED QUARTER 

SPECIFIC 
CONDUCTIVITY 
(uMHOS/cm) 

FIELD 
TEMPERATURE 
(degrees C) 

1250.0 

1533.0 

N 

N 

N 

1515.0  

N 

N 

7 . 9 0  

7 . 7 0  

7 . 7 0  

7 . 2 0  

7 . 5 0  

7 . 6 0  

N 

N 

1 5 . 0  

1 4 . 5  

15 .3  

1 2 . 6  

1 4 . 3  

1 4 . 5  

N 

N 

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

12.0 03/18/87 1 2200.0 7.00 

06\24/87 2 2870.0 6.90 14.2 

08/28/87 3 N 7.40 13.6 

011 1518 a 4 N N N 

01/15/88 4 N 7.10 10.6 

03/21/88 1 N 6.70 11.9 

05/18/88 2 2920.0 7.10 10.7 

09/13/88 3 N N N 

09/13/88 3 2800.0 6.80 12.4 
a 

121 061 a a 4 2300.0 6.40 11.4 

I 

N = Field parameter not measured 



02/24/09 

GROUND-WATER FIELD DATA 
ROCKY FLATS P W T  

03/ 19/87 1 1200.0 8.50 14.0 

04/15/87 1 1350.0 7.90 15.0 

06/2 4/07 2 1244.0 7.00 13.3 

09/23/87 3 

12/16/87 4 

03/21/88 1 

05/18/88 

09/13/88 

12/06/88 

2 

3 

4 

N 7.30 13.6 

1268.0 6.90 9.7 

N 7.30 13.5 

1503.0 

1400.0 

1200.0 

7.00 11.0 

7.40 13.1 

8.00 11.8 

N = F i e l d  parameter not measured 



02/24/09 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 31-86 

12/05/87 4 DRY 

03/ 16\88 2 DRY 

051 181 a 8 2 DRY 

09/13/88 3 DRY 

111 2 2 \88  4 DRY 

N = Field parameter not measured 

b 



I 02/24/89 

I 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

' 0  

WELL NUMBER: 32-86 ................................................................... 
SPECIFIC FIELD 

DATE CONDUCTIVITY TEMPERATURE 
MEASURED QUARTER (uMHOS/cm) (degrees C) 

10.0 03/23/87 1 950.0 6.80 

04/ 15/8 7 1 920.0 7.50 14.0 

06/2 9/87 2 870.0 7.60 12.6 

09\23/87 3 N 7.60 14.0 

12/ 16/8 7 4 928.0 8.90 10.1 

03/21/88 1 N 7.70 13.6 

09/13/8a 3 120.0 6.60 12.2 

I 12/02/88 4 840.0 8.30 14.1 
e 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

0 3/ 17/ 8 7 1 1960.0 7.20 10.0 

04/ 06/ 8 7 1 N N N 

06/ 02/ 87 2 2050.0 7.30 12.6 

07/28/87 3 N 7.80 14.4 

10/16/87 4 2390.0 7.60 11.9 

10/ 16/8 7 4 N N N 

03/02/88 1 1988.0 7.20 9.2 

0 5/ 02/ 8 8 2 2070.0 7.10 N 

08/ 10/88 3 2320.0 7.20 14.5 

I 11/04/88 4 1800.0 7.00 12.0 

N = Field parameter not measured 



I 02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 22-87 

SPECIFIC FIELD 
DATE CONDUCTIVITY TEMPERATURE 

MEASURED QUARTER (uMHOS/cm) (degrees C) 

03/07/88 1 

05 /  02/ 8 8 2 

08/ 1 O/ 8 8 

11/ 09/ 8 8 4 

3 

763.0 8 .30  

707.0 8.10 

930.0 8.50 

840.0 6 .90  

10.6 

N 

15.1 

11.5 

N = Field parameter not measured 



GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 39-87 

DATE 
MEASURED QUARTER 

SPECIFIC 
CONDUCTIVITY 

(uMHOS/cm) 

FIELD 
TEMPERATURE 
(degrees C) 

4 

7 . 8 0  

0 . 2 0  

N 

N 

10.7 

1 4 . 2  

N 

N 

N = Field parameter not measured 



APPENDIX C 

WEST SPRAY FIELD 
ALLUVIAL GROUND-WATER QUALITY DATA 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 

- -  

APPENDIX C 



VOLATILE ORGANICS 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 
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FIELD PARAMETER DATA 

1988 ANNUAL RCRA MONITORING REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 

1 MARCH 1989 



02/24/89 

I i e 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/14/87 1 N N N 

06/ 2 3/8 7 2 N N N 

08/18/87 3 N 8.30 14.0 

0 1/ 14/ 8 8 4 N 7.90 10.9 

03/24/88 1 3290.0 7.30 10.0 

05/2 5/8 8 2 

10/04/88 3 

332.0 8.40 15.3 

N N N 

1 O/ 04/8 8 3 410.0 8.20 11.5 

12/22/88 4 310.0 7.70 11.6 

N = F i e l d  parameter not measured 



I 02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/ 19/ 8 7 1 N N N 

08/18/87 3 N 8.10 1 8 . 5  

o I/ 131 a a 4 N 9.00 11.9 

03/24/88 1 371.0 7.30 7.9 

03/24/88 1 

0512 5/88 2 

0512 618 a a 2 

09/27/88 3 

371.0 7.30 7.9 

395.0 9.60 16.1 

N 

N 

N N 

N N 

12/22/88 4 360.0 8 .40  11.8 

N = Field parameter not measured 



02/24/89 - 

/-w 

e l 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 10-81 

SPECIFIC FIELD 
DATE CONDUCTIVITY TEMPERATURE 

MEASURED QUARTER (UMHOS/cm) PH (degrees C) 

05/11/87 1 N N N 

06/ 18/8 7 2 N N N 

08/21/87 3 N N N 

................................................................... 

08/21/87 3 N 7.00 16.4 

12.2 0 1/ 12/ 8 8 4 N 7.00 

02/04/88 1 N 8.40 10.1 

04/07/88 2 139.0 7.60 N 

07/07/88 3 170.0 6.80 13.1 

10/12/88 4 190.0 6.00 15.3 

1 O/ 12/ 8 8 4 190.0 6.00 15.3 

N = Field parameter not measured 



I 02/ 2 4/ 8 9 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/20/87 1 

06/ 18/ 87 2 

N 

N 

08/25/87 3 N 

N N 

N N 

6.80 15.5 I 
03/29/88 1 176.0 6.80 8.2 I 

I 

05/2 5/88 2 91.0 6.30 16.6 

09/28/88 3 150.0 6.50 16.8 

12/19/88 4 N N N 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/ 13/8 7 1 N N N 

06/18/87 2 

09/17/87 3 

0 1/07/8 8 4 

03/24/88 1 

05/25/88 2 

09/27/88 3 

12/2 0/8 8 ‘ e  4 

N N N 

N 6.40 16.9 

N 6.40 9.8 

227.0 7.30 9.2 

140.0 6.40 13.4 

320.0 6.80 14.5 

260.0 7.60 10.9 

N = Field parameter not measured 



I 02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/12/87 1 N N N 

0 6/ 18/87 2 N N N 

08/18/07 3 N 7.20 13.9 

01/ 07/88 4 N 7.20 8.8 

03/24/88 1 82.0 6.90 9.1 

05/2 5/88 2 82.0 6.50 14.9 

09/27/88 3 100.0 6.20 13.7 

12/19/88 ~a 4 N N N 

N = Field parameter not measured 



I 02/24/89 

GROUND-WATER F I E L D  DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 7-82 

05/ 11/ 87 1 N N N 

08/20/87 3 

12/05/87 4 

02/04/88 1 

04/ 07/8 8 2 

07/07/88 3 

10/11/88 4 

DRY 

DRY 

N 

N 

N 

N 

N 

N 

N 

N 

N = F i e l d  parameter not  measured 



I 02/ 2 4/8 9 

0 
GROUND-WATER F I E L D  DATA 

ROCKY FLATS PLANT 

WELL NUMBER: 45-86 ................................................................... 
S P E C I F I C  FIELD 

DATE CONDUCTIVITY TEMPERATURE 
(degrees C) MEASURED QUARTER (uMHOS/cm) PH ................................................................... 

05/ 14/87 1 91.0 6.40 12.0 

06/ 12/87 2 114.0 6.50 14.7 

08/14/87 3 

09/30/87 4 

N 5.80 12.1 

105.0 6.90 15.3 

09/3 0/87 4 N N N 

10/0 1/8 7 4 N N N 

03/2 5/8 8 1 111.0 7.60 8.2 

I 7.10 14.4 2 87.0 

3 114.0 5.90 13.1 
e 05/26/88 

09/29/80 

I 12/16/88 4 120.0 7.50 13.1 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/ 13/8 7 1 195.0 6.00 12.0 

06/2 2/87 2 164.0 7.40 11.9 

08/14/87 3 N 7.30 13.1 

10/ 05/87 4 163.0 6.50 15.1 

10/05/87 4 N N N 

02/08/88 1 N 6.10 7.2 

041 2 518 a 2 165.0 6 . 8 0  N 

07/ 11/8 8 3 149.0 8.10 15.1 

1 O/ 14/8 8 4 150.0 7.60 13.6 

N = Field parameter not measured 



02/24/89  

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

04/08/87  1 4 0 0 . 0  7 . 0 0  11 .0  

06/ 18/  8 7 2 3 3 0 . 0  6 . 2 0  1 1 . 7  

08/2 5/ 8 7 3 N 7 . 4 0  1 2 . 5  

12/14/87 4 1 8 8 . 0  7 . 2 0  8 . 8  

03/29/88  1 3 1 7 . 0  6 . 7 0  1 0 . 2  

05/31/88  2 3 2 7 . 0  6 . 5 0  1 1 . 0  

3 

4 

2 5 0 . 0  

2 3 0 . 0  

6 . 8 0  

8 . 0 0  

1 2 . 1  

1 0 . 1  

N = Field parameter not measured 



I 02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 50-86 

S P E C I F I C  FIELD 
DATE CONDUCTIVITY TEMPERATURX 

MEASURED QUARTER (uMHOS/cm) PH (degrees C) 

0 5/ 11/87 1 280.0 7.00 N I 
06/ 16/ 8 7 2 166.0 7.50 13.6 I 

08/14/87 3 N 6.50 14.5 

12/10/87 4 261.0 7.00 11.5 I 

I 

03/2 5/8 8 1 230.0 7.20 13.3 

I 05/31/88 2 257.0 7.80 11.4 

10/04/88 3 290.0 7.60 11.8 i 
12/ 2 0/8 8 4 230.0 7.40 10.5 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

05/13/87 1 N N N 

06/ 17/8 7 2 

0 8/ 2 O/ 8 7 3 

178.0 7.20 13.2 

N 7.40 15.5 

12/10/87 4 170.0 7.10 11.5 

10.6 02/08/88 1 N 8.40 

04/25/88 2 129.0 7.10 N 

04/ 2 6/ 8 8 2 N N N 

07/07/88 3 164.0 6.10 13.9 

1 O/ 14/8 8 4 170.0 7.20 13.8 

N = Field parameter not measured 



02/24/89 

GROUND-WATER FIELD DATA 
ROCKY FLATS PLANT 

WELL NUMBER: 56-86 ................................................................... 
SPECIFIC FIELD 

DATE CONDUCTIVITY TEMPERATURE 
MEASURED QUARTER (uMHOS/cm) (degrees C) 

0 5/ 19/87 

05/2 7/8 7 

07/ 15/8 7 

09/30/87 

09/30/87 

10/ 01/87 

02/15/88 

04/07/88 

09/14/88 

10/20/88 

1 

2 

3 

4 

4 

5 

1 

2 

3 

4 

295.0 

318.0 

N 

276.0 

N 

N 

N 

312.0 

N 

N 

6.70 

6.60 

6.60 

6.30 

N 

N 

7.40 

7.40 

N 

N 

13.9 

13.6 

19.9 

19.3 

N 

N 

6.1 

N 

N 

N 

N = Field parameter not measured 
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